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Introduction

Virtual Worlds, immersive and collaborative envinoants on the Internet, also referred
to as Web 3D, are likely to transform the globadihass environment. Developed out of
online games, social networking, and Web servigesjal Worlds benefit from several
technologies that enhance their usefulness, inotudiassively scaled games, avatars,
cloud/on-demand/grid computing, on-demand storageé,next-generation networks.

The convergence of these technologies in a newalikorld “ecosystem” will change
the way businesses operate. By creating immersiveament platforms accessible
through mobile and other handheld devices, Virtiarlds bring powerful computing,
data analysis, and decision-making tools to em@sy# firms of any size.

Virtual Worlds not only elicit customer-generateformation and ideas, they enhance
collaboration within and between businesses. Thigéorms facilitate a wide range of
business activities and opportunities, such asitrgiand education, product and service
development, marketing and strategy creation, ar@h€e exchange, that can be
executed in new, interactive environments. By émnnig and deepening collaboration
within and between firms, Virtual Worlds can trasrsh U.S. businesses in the modern
era! This vision—now plausible with current and evepking technology—sees the
modern corporation operating and receiving knowéealgd inputs from suppliers,
employees, and customers in wholly new ways. ti plevides for the emergence of
highly specialized very small firms that can congbia create innovative products when
opportunities for these exist. This offers a visafra modern guild-like part of the
economy.

For the past few decades, business organizatiomsihiegrated new technologies into
their operations using structures to capture neswkedge and innovations. Several
authors have argued that the corporation shouldenmward the collaborative enterprise,
which incorporates the Internet more fully.

Here we argue that online social networking and \&@lplatforms are likely to
transform core business operations and interactiahssuppliers, customers, and
supporting services. Virtual Worlds platforms tf@in the core of a new corporate
operations ecosystem will not only allow for honta and vertical interactions but will
expand the essential business, partner, and maeagé&nkages that enhance
productivity over the long term.

Virtual World environments promote such changesdiping enterprises develop new
products in concert with suppliers as well as sjplecialized “expert firms” or individual
entrepreneurs. In these immersive, collaborativérenments, corporate executives and
other employees can bring computer simulationsrabdst databases into Virtual
Worlds supported by high-speed, next-generatiowonsss. This allows a wide range of
businesses, manufacturing concerns, and servigeetthe results of business decisions
in real time. For instance, banks can visualizdysea of equities data or of options
prices and make rapid decisions about where tetdmgestments.
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In some cases, this tool will expand the moderpa@tion; in others, it will lead to
greater specialization.

For example, one scenario envisions a multi-ingustnglomerate that acquires or
merges with companies in related industries anid slu@pliers and operates in major
parts of the economy. A new conglomerate emergesn$tance, to serve both the
aerospace and auto industry and includes supptiatsvere once independent of final
producers.

Another scenario might result in a modern guildeyswherein firms employ extensive
Virtual Worlds technology to foster collaboratioatb inside and outside the firm. These
expertise-based firms will be far more capableréssing specialized knowledge than
other, more traditional suppliers or service firfkey also will be better positioned to
team up with other “guild system” firms to respdndarge projects or to jointly address
significant technical challenges. These moderndgirims might be similar to large
consulting firms or to today’s highly specializagplier firms like KPMG, Cadence
Design, or Mentor Graphics, although we assert'thgy even further.

We might call them “extremely agile” corporatiomst can quickly and effectively
acquire new products and recognize new benefita fexhnological innovation and
services development.

These emerging collaborative enterprises will usstiag Virtual World and social
networking technology to form new ecosystems thatlaree-dimensional immersive
environments that can be secured behind a firesithlér online or within the
corporation’s intranet system or in secure extsttet are outside of corporate firewalls.

The evolution of the Internet to Web 3D or fullynfttional Virtual Worlds will require
extensive use of cloud/on-demand/grid computingd@mand storage, and next-
generation networks. These three technologiesalldiv businesses to take compute-
intensive processes, such as product design, meestdecisions, and daily business
problems, and bring them under the control of aewahge of corporate executives. This
will enable business collaboration on a heretoforgnaginable scale and scope.
Furthermore, embracing these three new technologgd®s it possible for corporations
to make the social networking organization the i@nbol for integrating supplier and
partner expertise into their own operations, eitearporarily or permanently. This will
transform both manufacturing and services-oriebigginesses and the U.S. economy as
a whole.

Some of these Virtual World technologies are usdolisiness today. Several Virtual
World sites have millions of registered users;tthtal number of users is expected to
grow to one billion worldwide by 2017. As of May@®) IBM’s Virtual World connected
at least 6,000 active employees. Sulake’s HabbelHais nearly 100 million registrants
and 10 million unique monthly visitors. Linden Lalecond Life reported 12 million
registrants and about one million active users.
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Many businesses also use cloud computing. Amaziensatloud computing to serve
many small and large corporations. CERN, the werdigest particle physics lab,
located outside Geneva, uses cloud to link its nsmmntific computers into a global
computing grid that analyzes patrticle interactiddsogle, Amazon, and Microsoft have
all built cloud-computing and on-demand data cexteisupport their businesses. IBM,
Morgan Stanley, and other firms are building a saftgal cloud-computing
infrastructure that in one case will include mdrart 100,000 processors.

The International Telecommunications Union and miange communications
equipment firms are working assiduously to planrfext-generation networks. Japan
plans to build a next-generation network by 2011 ttas a capacity of nearly a petabit-
per-second and gigabit-per-second access capaci®ath user. By 2015, Japan’s next-
generation network capacity will exceed one petaditsecond, with at least 10-gigabits-
per-second access for each user. This will be fdgulf)O times the speed of current
scientific connections for the Internet.

This essay draws a bold vision for the future cfibess based on an understanding of
how key technologies and online social networkinigjtvansform business. There is a
quiet revolution taking place outside the view afshbusiness and political leaders. This
paper aims to alert the wider world to the tectafanges in business brought about by
new and emerging technologies and to encourageubeiin making transformational
changes in the marketplace.

The modern corporation took shape in this coumthe late 19 and early 28 century,
and, with it, the concept of mass production tooklhCorporations adopted “lean
production” systems that employed mass customizatio

What this paper describes is how corporationsisidéntury will begin to use new
technologies to transform the methods of productio@ generation of services, and the
management of people and processes.

To make our case, this paper:

1. Explains Virtual Worlds and how on-demand/utilitgytgcomputing, on-demand
storage, and next-generation networks support toemmercialization.

2. Explores how Virtual Worlds and the technologiest ttupport them can change
the nature of the firm and influence collaboratiomusiness.

3. Describes the changes that give rise to collabaa&nterprise, including the two
likely main forms of organization: the multi-indagtonglomerate and the
modern guild system. We also explore how enhanclaboration has the power
to extend and alter the ways in which today’s fieresate products and services
and redefine relationships with suppliers and aqusts.
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4. Discusses how Virtual Worlds and supporting tecbgigs will affect U.S.
industrial competitiveness and provides policy reotendations in a number of
areas, including deployment and adoption of Viri¥arlds, collaboration, skills
development, and the ideal business environmemtetei®r full and rapid
adoption of these new technologies.

The rise of the collaborative enterprise thatkslly to result from the successful
deployment of Virtual World technologies will ushera new era of business. It will
change the way firms compete with one anotherdstamers in both goods and services
industries.

It is our firm belief that if our nation acceleratihe development and maturation of
Virtual Worlds, it will encourage a more collabavatand enterprising form of business.
This will lead to greater innovation, sustaineddurctivity, and competitive growth in the
world economy.

It will also create challenges. The ability of méamiuring, service, and knowledge-based
businesses to find whatever inputs they need réggsdf their geographical location
poses a specific trial. Virtual Worlds could engendew forms of outsourcing or place
the United States at a competitive disadvantafiemt around the world were faster to
adopt Virtual Worlds than their U.S. counterparts.

Thus, the need for the United States to move quiskyjreat. This paper lays out a
number of policy areas. These include policiedidighten the awareness of the
importance of Virtual Worlds and the collaboratergerprise to the economic
competitiveness of the nation; address the neethéotechnical infrastructure; encourage
adoption of these collaborative tools and depl@gétools everywhere, including in
communities left behind; and promote the educadiat training that employees and
businesses will need if they are to successfullkves collaborative enterprises.

With the right policies in place, the companies amakers can use the tools of Virtual
Worlds to transform the United States into a callaltive enterprise-driven economy. As
a result, this new phase of business can potgnteghate millions of well-paying jobs for
the people of the United States and sustain Amepcasperity for years to come.
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Virtual Worlds, Collaboration, and Competitiveness

The 2£' century economy is marked by a rapid shift toatwdrative work structures.
This shift is, in part, embodied in the rise of neehnologies and new competitive
pressures. This section describes how the presgmbament for collaboration is likely
to change as new technological innovations arelwiggopted and, as a result,
competitiveness in business adapts.

A New Context for Collaboration and Competitiveness

The Internet improves collaboration by making gieato exchange large data files,
share analysis, and link work groups. Many firmsitita link their research and
development (R&D) centers more closely because diepgnd on the exchange of
valuable results and tests. But they find that¢HR&D centers often cannot work as
unified teams. Rarely do R&D-intensive firms feeht key players in disparate locations
are working as a unified team, interactively exahag insights on projects as though
they are in the same spéce.

Several new technological innovations are chantjiternet-based collaboration:
Web3D or Virtual World$, including multiplayer games and avatars; cloudygoting
platforms and solutions, such as “software asa®r and next-generation networks.
Changes in these areas will affect the way busasesse the Internet, computing, and
networking. Besides speeding computations and redule cost of computing and
software, these changes have the potential toftnanghe collaboration environment. By
shifting firm-level collaborations from a largelpminteractive, isolated set of R&D
centers to immersive Internet-based environmeiatisftister exchanges among all
members focused on a single project, technologitiftis could dramatically change the
way enterprises work together. While the magnitoididis change is difficult to measure
right now, the transformation when fully realizezutd rival the very advent of the
commercial adoption of the Internet nearly a decagte

Massively multiplayer online games (MMOGS) certgimfluenced the development of
Virtual Worlds.® But, as Cory Ondrejka has pointed out, MMOGs diifieseverall
respects. They include strong game fictions andliley:
Strong game fictions mean the games take placenwithatively cohesive
settings that discourage intermingling with thd wearld. Fantasy motifs are
common, but certainly not the only option. Leveliaghe process of measuring
progress via increases in experience points. Tégserience points are gained by
activities appropriate to the level, and each rewell grants the player access to
new abilities or game featurs.

In contrast, Ondrejka notes Virtual Worlds haveeottharacteristics:
While still massively multiplayer, meaning that tisands of players
simultaneously experience the world in a sharedespghey possess neither strong
fictions nor leveling. Instead, their defining cheteristic is the ability of
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residents to generate creations of value withinaaiexd, simulated, 3D space.
Strong, predefined fictions are not appropriatehay limit the design space
available to the residents. Instead, residentsetbair own fictions and
communities, imbuing them with meaning through riatgion.

Ondrejka goes on to cite the example of strokeigars establishing their own group
within Second Life, where they promoted post-stro&gnitive recovery. In this effort,
participants can be effective because they are foééhe limitations in MMOGS,
including strong fictions and leveling.

Games provide the ability to learn new skills, fidw roles, and benefit from a more
“robust” peer-to-peer learning process that margpfeecan benefit from without
needing to travel, pay for the cost of educatiorerder traditional educational
institutions® These benefits, as well as basic game technol@ye proven to be
enormous assets for Virtual Worlds.

In addition, Virtual Worlds have benefited from tingproved performance of computers
and mobile device§.With greatly improved graphics and multi-core @ssors and the
ability to draw upon new input devices, Virtual Wds gain from a more resource-rich
environment where higher resolution will make iat#itons more lifelike, providing the
means for many more users to experience “augmengadity and see how developments
in Virtual Worlds can be more closely tied to expeces in Real Worlds.

According to Ondrejka, Virtual Worlds, including&@ad Life, have the ability to:
leverage the place, embodiment, and simultanediaboaoation at the core of
interactions within virtual worlds. Place grantglboontext and organization to
conversations, helping an observer to immediatetieustand relationships
between speakers and the topic being discussedarsythe user’'s representation
in a virtual world, embody the conversation, allogireal-world cues to flow into
the virtual world. Simultaneous collaboration allomultiple participants to
interact in ways not commonly seen on the web, sgsamusicians in different
cities playing a duet to an audience from all aierworld. This real-time
exchange is at the core of how content is creatétdnSecond Life™

The main point about Virtual Worlds is that theyhance collaboration and innovation.

In the history of manufacturing and growth of seevindustries in this country,
collaboration has been between groups within a éirrnetween suppliers and final
manufacturers or service providers. In many cas®kaborating groups were isolated
geographically, with travel used for coordinati¥vihen all the parties in such
collaborations were not in close proximity, theyilcbwork on subparts of a product that
was managed regionally or globally. Separate grewpdd have their own tasks and
feed results into a final product or service. R#idgrogress reviews would take place.

Corporations have raced to develop global reseathiorks. Between 1975 and 2004,
the share of R&D centers located in foreign siteslB6 of the largest global firms rose
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from 34 percent to 66 perceftin spite of this diffusion of research, the numokr
“projects undertaken across multiple sites is netht low, at an average of just 36
percent of all projects performed,” according tomBa@\llen Hamilton'> Consequently,
the benefits of global innovation networks—primgaghortening time to market and
reducing the costs of developing new products—Ieen marginal. If companies
improve how different R&D and product-developmerdups and suppliers interact, they
might achieve much larger efficiencies. For insearBooz Allen Hamilton “projected
that [large corporations] could achieve a 37 pdrtaster time-to-market and 24 percent
lower costs with an innovation network that wasceghtly organized and integratetf”
Firms could also bring the customer directly oriiectly into all parts of the design and
development processes for services and produthe aarliest possible time.

Small firms have also benefited from the increasdthboration and innovation that we
illustrate for larger firms. It is easier to obtalata to describe the growing global
connections with larger firms, but a number of eigpen Second Life, including
Ondrejka, have noted the hundreds of firms thaeHastered geographically unlimited
collaboration to speed the development of stararppanies-* So collaboration in
Virtual Worlds and the Real World characterizesidewange of firms.

Web 3D immersive environments are likely to transféhe environment for
collaboration by providing for the immediate excharof ideas and sophisticated
analyses, such as simulations performed on newocaisplane designs.

Recent early experiments using Virtual Worlds ke out. Some companies already
have groups that meet in Virtual Worlds to coorténalans for a team that can be
dispersed around the globe. Other firms and the §b%ernment are using Second Life
to train employees, saving travel and hotel cogtsdi having to bring 20 or 30
employees to a single location and instead cootidipéghem in a virtual environment.
Some firms plan to bring company employees, outsighpliers, and technical experts to
secure Virtual World sites where, for instancelaamped oil exploration project can be
reviewed in detail. In all of these cases, busiteams work as a single, collaborative

group.

In contrast to audio or video conference calls, leyges are able to see a report or a new
product design in realistic detail and interactwany presenters. In some instances, the
computing power of individual participants can bBpged to run an application that will
display results for all to see. It is this sensécohnectedness”’—and the associated ease
of exchanging thoughts—that makes Virtual Worldisgs ideal for establishing a sense
of cohesiveness. Virtual World participants feettjgd a “team” rather than lone
participants on a call. Indeed, by providing adutitil ways for participants to
communicate after the Virtual World meeting, empgley in California, Germany, and
India may even fundamentally change the way thaktabout coworkers whom they’'ve
never met in person.

In the future, Virtual World participants will vetikely be linked via broadband
connections that can increase in scale as morenbditdis acquired. They will also be
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able to access computing and storage resourcesmardl. This broadening of the
resources that can be brought into a Virtual Warkkting would expand the type of
tasks that participants could complete in sessibhis, in turn, would help firms achieve
greater benefits through both time to market arsd savings.

Our argument is that innovations in several intategl technologies have the potential to
alter the environment for collaboration and createew work ecosystem—a new context
for working together using the Internet, computiagg networks.

The next section will describe how this new ecamyswill greatly increase collaborative
opportunities, possibly changing the nature of wénk modern corporation, and the
future skills required in the workforce.

The key changes are quite revolutionary, althobgly tften build on technologies that
have been in use for decades. The revolutionarsilpies arise from the economic
efficiencies that each change in technology—inititernet, in cloud computing, and in
networks—will bring about. This will create new ¢exts for linking work processes that
could once only be completed by a team operatirigegrsame physical workspace or
networked space. Although video links people thtongtworks, such collaboration is
more contrived. In addition, incompatible softwaften is a barrier to interaction, as are
different languages and work backgrounds.

New technologies will transform the Internet, theywworking groups are linked, and the
way people interact. First, Virtual Worlds creat8laInternet experience that allows
people to exist—in a virtual way—in a single spaté&ée same time, in an immersive
environment. While previous Internet-based intevaatliscussions or presentations tried
to replicate a meeting place, this becomes maosgkkd in Virtual Worlds. Second, as
cloud computing—computer-based applications as agettomputation and storage
resources—becomes on demand and ubiquitous, woupgwill call on it without
difficulty. Third, networks are changing so thaerscan control the amount of
bandwidth that is available for specific needs.

These next-generation networks will enhance thigyabf users to access any program
and make any communications links, which will uslkean unprecedented amount of
work collaboration.

Elements of the New Technology for Collaboration

As noted above, a number of new technologies undénp environment for increased
collaboration, including Virtual Worlds, cloud contmg, storage on demand, and next-
generation networks. We review them all below.
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Virtual Worlds

Colin Parris of IBM describes Virtual Worlds as:
computer-based, simulated, persistent environntbatsupport synchronous
interaction between users personified as avatéwes avatar and environment
representation can range from 2D “cartoon-like3“lifelike” imagery with the
interactive interface capabilities.

Figurel. An IBM Island in Virtual Worlds. Source: Parris,,dBM, Online Virtual Worlds: Applications and AvatarsarnUser
Generated Mediupwritten testimony submitted to the House Comreitiea Energy and Commerce, Subcommittee on
Telecommunications and the Internet, April 1, 2008.

Virtual Worlds are a further evolution of the Intet. They have the unique ability to act

as a workspace. As Phillip Rosedale, the former ©EOnden Labs, noted:
In virtual worlds there is a sense of geographla¢p” and personal “presence,”
even when users are miles or continents apartedor®l Life, you can “see” the
other person, verbally speak with him, as well tzat evith or “instant message”
him. You occupy a multi-tiered communication platfowith dimensions that do
not exist with e-mail, telephone calls, confereoaklting, or other platforms. This
vastly expands our ability to collaborate overalisie: large (or small) groups can
hold conferences; view evidence, charts and othwetent; do language training;
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and design code, blueprints, and plans as if therg\wn the same room.
Moreover, in a “virtual” atmosphere, even persom®Wwave never met can
establish rappoft and trust with one another. This is one reason latge
companies are effectively using Second Life acdistsibuted communities of
employees. Other reasons are the ability to trasfd view information
immediately in Second Life, along with low prodwactiand infrastructure costs
and barriers to entry.

Indeed, Microsoft has argued that Virtual Worldsmamersive environments will emerge

as one of the dominant user experience waves by-2005 and will be the dominant
user experience after 2014.

User Experience Waves
'Space’ is the new frontier
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Source: Microsoft

Figure 2. User Experience Waves. Source: Mundie, C., Reithin€omputing, keynote speech, Technology ReviewWw &h08
Conference, MIT, September 25, 2008. Published petimission of Microsoft.

Researchers at Stanford’s Virtual Human Interadtiain have also noted that the use of
avatars can influence the perception people hatieeirfself and their ability to acf
Avatars are a separate depiction of humans thabeayuite different from what people
are in the Real World. Jeremy Bailenson at Stanfi@asishown that “people can interact
differently in virtual worlds than they would fate-face.™®

Virtual Worlds provide an environment that many gy particularly preteens, have
experienced from playing World of Warcraft or Netsp@vith an estimated 45 million
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registered accounts) or Habbo (with an estimatédniillion accounts§® But most
Americans over 20 have not experienced these arlidéilve worlds, where interaction
with others is very different from interactions wi@eo conferencing or Internet social
networking. Virtual Worlds can be environments ¢otlaboration that could transform
the way enterprises operate.

Cloud Computing/Grid Computing

Cloud computing provides a new way for companiegctiess computing and storage
resources. It moves our thinking about computing) storage from the physical level of
machines to a conceptual one where computing amdgs are available as services on
demand. There is no need to purchase computersién  run applications. By paying
for a cloud-computing service from a vendor, one @aecess needed resources from
almost any location. Cloud computing is a step beygrid computing, where computers
divide jobs up into their parallel parts and aratamed in a singular ownership
enterprise. With clouds, computer resources caamgerhere.

Outsourced Services Integrated Web Services Publishers
|
Control i I‘ ’ Global
Interface | ! Catalog
_ ek G : Infrastructure )
Subscribers =—— Delivery g3 Clients
i ' Network ol

Resource
Pools

Data Center Operators

Cloudware™ Architecture Kltera

Figure 3. Cloud computing. Cloudware incorporates the funefatal building blocks used in developing today’sstropular
applications—storage and computing, software cgtiadp and definition and control—and shows how tredgite to each other.
More importantly, the architecture is vendor agipso that third-party vendors, not just 3teray participate. Source: 3Tera,
Cloudware—Cloud Computing Without Compromigep://www.3tera.com/Cloud-computingccessed Nov. 24, 2008.

Cloud computing is important because it providéscanology by which
intermediaries—Amazon, Google, Sun, Salesforce.@ne companies, and others—



Virtual Worlds and the Transformation of Busines&thena Alliance 12

can offer companies computing power and digitalagfe. While the definition of cloud
computing is still being debated, linking computaver to applications that businesses or
consumers want to run will provide several thirfist are not possible without this
technology. A cloud-computing platform “dynamicafiyovisions, configures,
reconfigures, and deprovisions servers as nee@ederS in the cloud can be physical
machines or virtual machines. Advanced clouds slpiénclude other computing
resources, such as storage area networks (SANgprkeequipment, firewall, and other
security devices® Clouds can also include cloud-computing “applimasi that are
extended to be accessible through the Internesé bleud applications use large data
centers and powerful servers that host Web apmmsaind Web services.”

IBM defines a cloud as a “pool of virtualized congruresources.” By virtual, this means
that what had been a physical machine before canbeaepresented as a machine
without a physical presence. Virtual componentsinalude computing resources,
operating systems, software applications, and géodavices.

Since clouds provide “dynamic resource pools, aliaation, and high availability,”

there is a belief that they will help organizatiseduce computer costs beyond what can
be achieved through virtualizing machines andrsgtlhem up as pools of machines.
Clouds achieve this because they offer “improvéddzation, reduced administration and
infrastructure costs, and faster deployment cydes.

The use of cloud computing is becoming popular beedts economic logic is
compelling. With compute resources available onalenfirms are no longer limited to
the physical compute and data storage they haveod. If they need to, they can access
supplementary resources and use computers frooud provider to run applications.
This approach often draws upon programs or appitathat are requested and paid for
as they are used. Such cloud-computing applicatomsisually described as “Software
as a Service” or SaaS. In addition, cloud compuetgenterprises, including small
startup firms, get away from the constraints ofihgto purchase enough computers and
data storage to meet peaks in demand. With cloathoting services, enterprises can
estimate their usual requirements and contract anghon-demand resource provider to
pay for extra compute power and storage resouasaseeded.

One of the first cloud services is Amazon’s Clowdjch includes cloud computing and
storage. Amazon’s Elastic Compute Cloud (Amazon)e®2 Amazon’s Simple Storage
Service (Amazon S3) permit small firms to use cotimguand storage on demand. One
example of this is the applications firm Morph Labs
Morph Application Platform brings together the belsbpen source technologies
and integrates them along with Morph’s own techgypltw provide a seamless
end-to-end virtualized infrastructure for applicas. Developers and ISVs can
quickly run SaaS applications on a Morph AppSpaoé, move from sign up to
deployment within minute%’

Morph is able to use Amazon’s on-demand computestordge resources “to instantly
provision an enterprise quality elastic applicatmvironment. Each application
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environment can be enlarged or reduced in real tinmeeet user needs. This flexibility
eliminates the practice of over provisioning thelagation environment only to service
peak periods.”

Storage on Demand

Cloud computing or utility computing provides ace&s computer resources on demand.
With computing resources in a cloud, storage aésa to be accessible by flipping a
switch. The utility storage concept “conjures ttled that IT resources can be turned on
and off to coincide with fluctuating needs justascontrol the flow of electricity, water
or gas into our homes and offices.”

With storage on demand, firms can reduce the chidnate¢hey will purchase too much
storage. A storage “utility” becomes “storage tisatasily provisioned, reallocated,
flexible, and retrievable for any platform at aime for any purpose®®

Next-Generation Networks

The International Telecommunications Union desarib@ext-generation network as:
A packet-based network able to provide Telecommairn services and able to
make use of multiple broadband, Quality of Ser¢{geS)-enabled transport
technologies and in which service-related functiaresindependent from
underlying transport-related technologies. It eaghinfettered access for users to
networks and to competing service providers ansiovices of their choice. It
supports generalized mobility which will allow castent and ubiquitous
provision of services to usefs.

In sum, next-generation networks will support nottydhe transport of data—voice and
video—but also service-related functions. These oraynate with a
telecommunications or a service firm, such as baegrovides SaasS.

Many telecommunications and cable operators prostdealled triple-play services that
package television, Internet, and voice, part ofimg beyond the more traditional voice
and data communications offerings of cable opesateurther steps to enhance the
telecommunications’ and cable operators’ abiliteedeliver new services are based on
service delivery platforms (SDPs) that change tgriess model of service providers.
Rather than growing profits from an expansion ahsport networks, these firms are
shifting to a new business model that is ofteneckllelco 2.0. In this model, SDPs let
service providers “bring more services to marketarguickly ... generate new revenue
through new partners and business models, [beneiif ... personalization and
customization of customer features and ... offeraaiirange of IMS [IP multimedia
subsystem]-ready services across netwofks.”

Current networks with SDPs will move a large pdirthe distance to next-generation
networks. But the networks of the future will nessveral other characteristics that
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illustrate their differences with enhanced netwdHet offer video to consumers today.
These characteristics will make it possible to nmeasily integrate service delivery in
communications networks. Among them are “decoupdihgervice provision from
transport; support for a wide range of servicegtas service building blocks;
broadband capabilities with end-to-end QoS; intekimg with legacy networks via open
interfaces; [and] ... unrestricted access by usediffierent service providers®
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Figure 4. A next-generation network with extensive mobil@mectivity. Source: Carugi, MWhat is NGN: Service Enablers.
International Telecommunications Union, /Open Gridum Workshop on Next Generation Networks and $i@&kneva. Oct.
23-24, 2006, p. 2Attp://www.itu.int/ITU-T/worksem/grid/presentatiois@p2-carugi.pdfAccessed Oct. 8, 2008.

Two characteristics of next-generation networkscargral for innovative use of Virtual
Worlds and cluster computing. First, firms will &kle to obtain a wide range of services
from any firm they connect to, such as researchicgins for testing a new design.
Second, firms will be able to set up computing veses within clouds and control the
bandwidth needed to integrate computing and dataurees. In addition, any location in
the world will be able to link to one enterprisglsbal innovation network. These
capabilities will make it easier to coordinate @oedtrol R&D for product design and
testing by not restricting these activities to piece a firm or partner is located. They
should also permit enterprises to obtain many efefficiencies that are expected of
well-run global research firms. Virtual Worlds wilecome centerpieces for collaboration
within and between corporations.



Virtual Worlds and the Transformation of Busines&thena Alliance 15

The Socially Networked Corporation and Collaboration

This section discusses how Virtual Worlds connegbvations in three areas of
technology in ways that alter how businesses cotktl. Virtual Worlds will serve as the
new “brain” or “glue” of the enterprise. With thegnter for intelligence in place,
corporations will restructure hierarchical systdmsreate new ways to manage business
operations and make strategic decisions.

There will be a shift in focus from process and&ture to innovation and networking. In
the innovation- and networking-oriented corporatioich greater attention will be paid
to creativity, social networking, and social groLipse groups will provide new ideas
about how to organize to create product designshamdto capture information from
consumers to respond to market ne&ds.

One good example of working with social groupsiss work Cigna has done in
healthcare. Cigna’s subsidiary, vielife, has useco8d Life to support a program to
prevent iliness. Working with groups of people wiave specific illnesses, vielife has
organized focus-group—-like sessions in Secondtbifdiscuss how to live with a severe
iliness, such as HIV. The group is screened byfeigb insure that only registered
participants attend, but the use of avatars mdlessier for many in the group to be
more candid in the discussion of how they deal witir condition. The site is a “virtual
extension” of vielife’s health coaching servicetthapplements online and in-person
sessions. The “virtual health consultations hefjidbreal and sustainable behavior
changes that improve healtf.”

Another consequence of Virtual Worlds may be tloattiol of daily operations will shift
to the corporation’s internal social network, amghler levels of management will
integrate this control into complex strategic andibess goals. Because work groups
have much greater responsibility for product depelent and marketing, this could
flatten the corporate hierarchy. It might also mkdtge corporations more agile and
responsive to new trends.

Social networking changes the corporation in sdweags. It provides more leverage and
decision-making power to groups that are respoasdsl product development, product
design, and marketing. These groups will deterrhim& businesses collaborate within
the firm and with key suppliers and partners oatsiee firm, as well as with customers
and potential customers and suppliers. In a widatext, Virtual Worlds and the
interconnected technologies will change not onlabtoration but also the way that
businesses use information technology (IT) infradtire.

IT resources would be used to build business fitwerbbttom up, rather than reinforcing
the hierarchical management structure of the modenporation. In a sense, social
networking’s inherent flexibility in linking diffegnt individuals in myriad ways provides
the firm with the ability to reconfigure human bgéinto new types of work teams that
can merge to deliver a service or product. In otnands, social networking software
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creates a new flexible infrastructure that firms oae to reconfigure themselves to
respond to external or internal requirements. &atng such flexible teams, the
corporation will need to organize and prioritizenfliwting demands for itself and
individual employees. Although there have beemgtts to decentralize corporate
management structures, such as matrix manageneestructural reform has been able
to integrate contributions from the bottom up theywhat Internet-based social
networking does. The development of tools that vag&inst hierarchies may prove
central to changing how businesses operate andheywuse information technology.

We assert that social networking can lead to awevk environment where inputs for
product development, design process, productionalore chains can be gathered from
diverse participants. This creates a new, decérgrhtorporate management system that
focuses more on coordinating and managing soaialiyorked contributions in a
structure that is open to change and adjustmewner8lecorporations are already doing
this:

[At] Hewlett-Packard, 50 executives log into thieidividual blogs each morning
to join the ongoing online conversation about eaictmeir product lines,
immediately responding to customer problems and¢@ws. ... Del Monte Pet
Foods uses a private online community to regufaat” with 400 pet lovers
whose opinions help shape new proddtts.

Some of the trends we are forecasting are notexdent, particularly in the area of
Virtual Worlds, where most current activity has ihé&e gaming or social networking,
which is used mainly by teens, preteens, and 280+gear-olds. As more businesses
start to see the virtue of using Virtual Worlds fi@ining and meetings, they will learn
about their application in other aspects of theirky

As businesses experiment, for instance, runningadingplex tests used to evaluate new
auto designs or evaluating alternative investmeategies in 3D space, they will see
firsthand the important benefits of using VirtuabiMs.

One clear benefit is the ability to do things tate previously nearly impossible. For
instance, moving complex tasks into the new 3DwdirtWorld will permit
interconnected groups to draw on the confluena@gpfications and computing
technologies that have developed over the lasaBsya more. The main requirement for
dealing with complex tests and designs in Virtuaritfs will be the ability to access
immense computing and data storage resourcesadilawants to analyze complex
investment scenarios in a short amount of timeay need to use 100,000 or more
central processing units (CPUs). Scaling up to¢hability is now possible due to the
vast compute farms that Google, Amazon, Sun, amerethave built and offer as
virtualized resources. Taking these resources\irtoal Worlds will require some
changes in the browser or plug-in—based clienteoy “fat” clients like Second Life if
users require very complex depictions of the respfiisimulations. But it is also possible
that complex and resource-intensive simulationsccba displayed within Virtual
Worlds using applications that employ simple 3D ges
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With such capabilities, an oil company could sineilaow a refinery operates or analyze
seismic results using a worldwide group of intemwhetia visualization experts. An auto
company would be able to bring together geogragifiidespersed design and
engineering groups to examine the same subsystamm@iv model car and then run
simulations on its crashworthiness or ability toetnieew environmental requirements.
Firms might also bring traditional applicationsantirtual Worlds and tap into data and
computer power they already have at their dispdda.resources available in Virtual
Worlds would power such efforts. Gaining accesgist compute resources is now
possible because they can be virtualized and a$sdnmbclouds and accessed using
Service-Oriented Architectures (SOAS), giving ugbesability to harness heterogeneous
groups of computing power.

Using the above examples, in addition to the massbmpute power required, business
process participants in Virtual Worlds would needess to large amounts of data that
would describe oil exploration results; financianket information, such as pricing and
volumes traded; and other detailed compilationss, Ttho, is easier to accomplish in a
Virtual World, which can access virtualized datares. The task for Virtual Worlds is to
support data in applications used by “in-world”@mptises. This is likely to require better
links between traditional Internet-based or reaHd/storage sources and applications
that businesses want to run in Virtual Worlds.

Since accessing compute power and data storestifirmore robust Virtual Worlds of
the future will probably require high-speed conngtyt and even an enhanced ability to
manage communications networks, next-generationaptetworks are likely to emerge
as another key component of future Virtual Worldsers who handle large amounts of
data and rely on substantial computing power vakadhlarge amounts of bandwidth to
access these resources. In addition, they willgdsbbrequire greater control over the
networks they use so that they can increase thableamount of bandwidth on
demand and move a 512-megabit-per-second netwarkjigabit-per-second network.
This can be done using controls over the opticekplane, as researchers have
demonstrated a number of times over the past fansyd@o do more sensitive
calculations in Virtual Worlds, business users rap demand control over security
protocols, quality-of-service settings, encryptiangd routing of informatioff? Next-
generation networks should make this possible.

New Technologies and How They Transform the Old Model of
Computing

The traditional corporate model of computing pr@&ddts own resources, has its own IT
department, and often develops its own applicatorsoftware, particularly when it is
using applications that are dedicated to one Iffausiness. This means that, although
many businesses don’t believe they have a comparativantage in running IT
operations, they must manage one to keep up waih competitors.
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In the new model of Virtual Worlds, the recent Sa#ftware as a Service—model
means firms can obtain computing and data storegmurces on demand. A firm will not
have to spend money on software, computers, ordatage facilities because it will
access them using the new 3D Internet of Virtualdéo

This would change the economics of using IT resesir¢hey would become a utility

like SaaS, with an important distinction. The eptisse would not just access software or
applications on demand. It would outsource allgaftits current IT infrastructure,
including computing, data storage, and networkiigwould rely on cloud computing to
access compute resources remotely and on demamollid do the same for data
resources and for the networks used to access ¢erapd data resources.

One thing that would be different is that Virtuabwds or Web 3D will be the access
point to these resources and the organizing gluthéoenterprise’s operations. Working
in Virtual Worlds, or in the 3D Web, would providenew way for the firm to operate.

Virtual Worlds would bring collaboration to the &@n\While it can be difficult for

disparate work groups in a firm to collaborate tva Worlds would create secure sites
where teams within a firm or teams combining experfrom a number of firms might
work together. This would mean that experts aed#ifit locations could focus on a single
task, such as creating a new product, testing resigds, or fleshing out a marketing
campaign.

The ease of collaborating would improve corporgterations in several ways. First,
appropriate levels of expertise—possibly from othents of the firm or from suppliers
and partners—uwill be incorporated in work. Secdhd,creation and development of
intermediate products that internal or externajpseps contribute could be done
collaboratively, saving much time and cost by ushegysecure Virtual Worlds
workspace. Third, a much greater ability to refamel test intermediate- or supplier-
contributed products should be possible throughuginNorld—enabled secure
simulation testing. Different suppliers could dersiate their results to a firm’s
designers or engineers who are assembling thedmduct. This would avoid the need
for translation or optimization software.

By enhancing and strengthening design and developaperations, Virtual Worlds have
the potential to enhance levels of competence, wtald reduce the need for close
management and time-consuming controls over vabassiess segments. In fact, by
providing for improved collaboration, Virtual Woddnight strengthen design and
development operations and improve firms’ econgmeidormance. This could lead
firms to respond more rapidly to changes in custgoneferences or to regulatory
requirements as well as to incorporate enhancentlegitsvould save money or improve
product quality.

In essence, by mirroring the gains that social ndtimg makes possible and by
incorporating a social networking—like structurehin parts of the corporation, Virtual
Worlds can significantly change the behavior of erodirms.
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If collaboration and responsiveness occur in aroorggmanner in corporate groups
responsible for design and product developmentetiveuld be less need for higher level
management to oversee product evolution. This shoglan that as the corporation
moves forward, it would need fewer people to ensluaé product evolution and change
occur. The result should be a flatter firm with &awnanagers devoted to managing key
functions.

These changes in the corporation illustrate whghirthappen if collaboration operates
very differently than it has in the past. Next, @glore specific examples of how Virtual
Worlds and on-demand or grid computing might changmrtant business processes.

Changed Role of Collaboration

This section reviews how Virtual Worlds and on-dechaomputing are likely to impact
and change the role of collaboration in indust@hpetitiveness. On-demand computing
has advanced just-in-time and lean-manufacturingciples with regard to upstream
design, development, and decision making. It asd$ to the creation of new just-in-
time services, such as in the financial sectord@mand computing leverages simulation
and testing processes for final products and sesvi¢irtual Worlds and on-demand
computing can attract customers and suppliers @athe design and development phase
and lead to continuous improvement and innovaagipng as businesses respond to the
challenge of managing a network of suppliers inréudl World and an on-demand
computing environment.

Design and Development

Virtual Worlds and on-demand computing will streamalmanufacturing and improve
design and development processes. They will ateo thle way businesses interact with
clients and suppliers by implementing a social mekimg structure within the modern
corporation that integrates customers, supplierd,iaternal work groups in all aspects of
business—from product development and design t&etiag.

The Deming Model for lean manufacturing uses a “ldaresign Model to achieve
customer satisfactiort” which, in its ideal state, would produce goodsiemand or
“only what a customer wants.” It would also “deliyoducts defect free from one
process to another.” In addition, there would badte-piece flow,” where firms build
one product at a time. “All waste in the systeraliminated,” according to the model,
with no need for load leveling. Finally, there wiblde “open and immediate
communication between supplier and customer, ba#mal and externaf®

Virtual Worlds and on-demand computing enhancertioglel in a number of ways. They
provide for continual feedback between supplied @rstomers, both in workgroups
within a firm and in the supply group. This enhageality—Deming’s main point—
because it reduces variability in the product, amdioing so, eliminates waste. The



Virtual Worlds and the Transformation of Busines&thena Alliance 20

process involves frequent, low-cost meetings atetactions among employees creating
a design and other workers in the same firm oupp8er firms. In addition, Virtual

Worlds offer the ability to examine a design andu®on issues that customers may raise
or that collaborators in the firm or in supplieniis may be concerned about. These issues
can be resolved collaboratively as teams of emgleyesualize the product and test
changes in a design or in the way the product padgpas well as show these changes
and tests to others while they are being run. fidsslts in what might be called
collaborative development, whereby the need fodli@eek among groups involved in the
development process is an inherent part of prodexstlopment and design.

Collaborative development also reflects the pamnégle by James Womack that waste, in
terms of “any excess interruption, misalignmennegessary work, or ingrained
redundancies that add no value for custom&msgeds to be removed from the
production process.

In addition, because refinements in a product eaadualed as different groups envision a
need for them, Virtual World on-demand computinigfieeces the importance of
delivering defect-free products and reducing wastle system. The production process
becomes one that is nearly a “single-piece flowCause each item in the flow is
customized for the buyer who demands it.

Also, the Virtual World on-demand computing framekvbrings changes in the way
corporations operate because it inherently empassmnovation and social networking.

It aligns design and development processes withgghat would spend more time and
place greater emphasis on innovation because tieegbde to broaden the ideas that they
incorporate in these processes and search widehefw ideas and new approaches. This
increases the likelihood that designs change mierpiéntly and are innovative and
creative.

Just-in-Time Services

A similar improvement would occur in the servicdustry, particularly when services
firms need to create ways to deliver services fgpasb in the fashion industry, or when
more efficient service delivery needs to be refjraglin the financial sector. In fashion,
the hope is to create a new workflow. In finanbe, éxpectation is that combining
Virtual Worlds and on-demand computing will helpdncial firms develop new services
more quickly and possibly provide new ways for fioi@l firms to analyze investments.

A recent example of a services firm in Virtual Wiwlis Fashion Research Institute
(FRI). Its mission is to develop “emerging techrgiés to overhaul traditional fashion
practices and methodologie¥. The goal of the site in Virtual Worlds is to cre4a
fundamentally new work flow addressing criticaluss facing the design industry, such
as ensgsring manufacturability of designs and deangasubstantial sample costs by two-
thirds.’
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Besides design capabilities, FRI's goal is to kgigners take an idea from concept to
prototype. The design system will:
connect to the OpenSim virtual world platform teate packaging and fashion
products, provide efficient workflow queues, andwalgroups with an interest in
the product to collaborate and modify designs. pitogram will also generate
virtual product samples and accurate factory smatibns that enable high
quality product mass-manufacturing in the real edtl

In the financial services, many of the initial etioin Second Life are quite modest and
represent providing information that might be offééon a traditional Web site.
ABN-AMRO, for example, is using Second Life to pae/a wide range of information
about its services for private clients and busiegssand at the same time seeking new
ways to interact with its traditional clierft$Different floors in its “sim” or virtual island
contain detailed documents describing the varigpes of financial products that
customers can access. ABN-AMRO also holds an ktigeaseminar about current
market trends in Virtual Worlds every 2 weeks. ddigion, the bank has a Tradeglobe
experience that includes podcasts and commerbiaisan be watched in Second Lite.
For new entrepreneurs, it has a Technodesk thaide® materials about starting up new
businesses in information technology or other teirareas®” The materials include
information about financial help for startups.

While ABN-AMRO has only just begun Second Life ggigms providing financial and
business information, it could use this presenatetelop new services. One way to do
this would be to take recommendations from privatbusiness customers and use them
to develop new financial services. These couldéekbped using Web 2.0 and Service-
Oriented Architectures (SOAS) to provide a platfdonthe new services and their
delivery to users. A Web 2.0 framework might alsddon service delivery platforms
that telecommunications firms are using to rapitiiver innovative services.

In addition, banks could use 3D data visualizatiapabilities to analyze complex
information. One large bank, for example, has esg®@d an interest in being able to see
investment strategies depicted in 3D space sdiffatent desks might more clearly
envision how bets placed in a range of strategightmvork out under different market
conditions** If using such a tool could clarify risks and betsebetter than examining
single models and their likely risks and returhsnight prove to be very valuable.

Simulation and Testing

Several observers have noted that Virtual Worldsld/provide a way for companies
such as oil industry firms to bring “geophysicatlaeismic data feeds” into an
environment where exploration and production expeould query databases and “do
real-time 3D data visualizatior{

If computing capabilities were accessible from witkirtual Worlds, experts would be
able to model and test designs and use simulatiodgests to explore the development
goals for a new design. This would push collaborato a more refined level where a
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multitude of simulations could be run and analykg@ substantial group of
collaborators. In this scenario, the ability towlran on-demand computing resources and
to access large databases would support signifreamtinnovation in product design and
development. It would permit those involved witlkeating a new product to immediately
see what works and where improvements are neededuld also provide a way to link
simulations across traditionally “siloed” businggsups and connect information about
tests and analyses that is often not communicatedimely manner.

Creating virtual cars is one step that automakave iaken to deal with the challenge of
more complex design and product development. Earmmpetomakers such as Audi,
DaimlerChrysler, BMW, and Porsche are using or @rpenting with virtual cars, 3D
files with data that support collaboration amongieeering design groups. The virtual
cars permit design engineers to evaluate a rangewfdesigns and to manage the
inclusion of crash testing, computational fluid dymcs (CFD), structural testing, and
noise-vibration and harshness simulations in trexalvmodel of a car. As Cohen
explains:
The advantages of using “virtual cars” are sevéiiast, firms can go through
many more static and dynamic simulations using-mtiwn tools such as LS
Dyna, NASTRAN, etc., for crash and CFD analysisgsTdrovides robust results
and shortens time-to-market. Second, testing asdgjdeosts are reduced because
simulations replace much of the work that usedetadne in these groups. This
not only reduces costs but also cuts down whablead a major area in product
development. Third, auto firms are looking for mexibility in design. They
need to be able to respond quickly to new reguiatisuch as German
requirements that the front ends of cars createrfewgnificant injuries to
pedestrians. Virtual cars have let manufactureasigh a model design quickly.
Fourth, virtual cars have let companies such as guahtly increase the number
of models they offer. They can design differentsians that build on the same
frame and often retain other parts of an estaldisiesign, such as the windows,
doors, or trunk. Audi now markets about 40 modelsgared to about six a
decade ago.
To create virtual cars, auto firms have enlarged tijrids to more than 1,000
CPUs. They have employed traditional applicationpart of their SOAs
[service-oriented architectures] and employ mamugation and CAE [computer-
aided engineering] applications on SOAs. Havingeéignt access to needed data,
as well as to compute power, is a sine qua nonifaral cars®®

Using virtual cars, auto firms can run simulatiah®ne design group and transfer the
virtual car and the simulation results to anothesign group. This requires having
substantial bandwidth between different design gsoan the same campus and at other
locations, usually in the 10-gigabit-per-second@0-gigabit-per-second range. Some
auto firms are developing “dark fiber” networkspimvide this connectivity.

An alternative approach would be to work on virtcats in Virtual Worlds. While no
auto firms seem to be doing this, firms such as@and several oil industry giants have
been doing or are planning this type of analyst @oduct design work in Virtual
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Worlds. The difference in approaches is that usiimyial Worlds allows different design
or work teams to be linked into a single site te sienulation results and the 3D virtual
car design. This enhances collaboration betweempgrand speeds up work on new
designs. It can also reduce travel time and thadipg on bandwidth that might be
needed to connect different locations. Some ofglending on bandwidth might be offset
by the need to connect data and computing resotoae¥irtual World Sim.

Another benefit would be that suppliers and conssroeuld see car designs in Virtual
Worlds and provide feedback on them before theyt wenugh the development
process. If this happened, suppliers might poimfpauts of new designs for which it
might be difficult to produce new parts, and constsrmight indicate which parts of a
design they like and which they dislike.

Boeing used a virtual environment to design the D&¥amliner’ The environment
included a series of virtual tools from Dassaukt®gns for virtual planning and
production, virtual product design, and enterprisge collaboration. Every participant in
the design process had “access to 3D data modpkisf assemblies and systems. The
digital assets developed by Boeing using theseal[molifecycle management] PLM
solutions will be used across the 787’s entireelitde, including sales, marketing and
future derivative aircraft.” In addition:
Boeing's planning and layout of production lineghgsexact 3D models of parts
and assembly tooling dramatically reduces reworkhen/87. Such a digital
manufacturing environment creates a communicatioop‘back” between 787
design and manufacturing engineers, no matter wthegeare, eliminating the
risk of committing to a design change only to disgrat cannot be manufactured,
or that it requires costly changes to other comptsfé

While Boeing is not using Virtual Worlds, this exgl@ illustrates how a major design
project can employ 3D design environments, tradéialesign tools, and a new
computing backbone to provide all participants vatiole in product design. Wasted
time for retooling and redesign is kept to a minimibiecause of the ongoing
communications among the engineers involved. Intiaaid parts and the tools used to
manufacture them are designed at the same tinerrdian delaying the creation of the
manufacturing environment until after the desiga baen developed. The time and cost
savings, as well as the ability to bring the newigie to market quickly, are key benefits.

Greater Collaboration with Customers and Suppliers

There are a number of benefits associated withguainenvironment that includes
Virtual Worlds and on-demand computing for desigd development.

Some of the main benefits are tied to data visatitin*® As noted in the Boeing
example above, one benefit is being able to buildhport and share digital 3D models.
These models can be seen and modified by all gaatits. They can also be linked to
computer-aided design and product lifecycle managesystems so that changes in the
design are reflected in other parts of an oveyaitesn.
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This environment also allows users to represeotimétion and data in new ways. With
very complex sets of data, customers and supmanrsyet to see what is happening and
delve into complex details that can be displaye8Dnspace. This capability can help
people develop better mental pictures of what petsliook like.

Virtual World environments also help people visealinformation in new ways.

Financial firms have built stock histograms andrpfeceutical researchers have depicted
drugs in 3D space, making it possible for custora@s suppliers to understand
phenomena and structures much better than theg ao@D space. In addition,
collaborations take on a new dimension becausejpants can get insights into projects
more quickly. This benefits design efforts becasmmething that doesn’t look right can
be corrected earlier in the design and developmerdess.

Continuous Improvement and Innovation

A recent study by IBM and Seriosity sees the futfreusiness management in

massively multiplayer online role-playing games (@RPGs). According to this report,

business will be more “open, virtual, knowledgevdri.”® The report notes that:
gaming leaders are more comfortable with risk, ptiog failure, and the
resulting iterative improvement, as part of theality. Many of these leaders are
able to make sense of disparate and constantlygaigdata, translating it all into
a compelling vision. And the relationship skillstbé best gaming leaders would
put many Fortune 500 managers to shahe.

Online games, which represent a large part of "WirtMorlds, also encourage risk taking.
Given this and the other characteristics of ganmgggaants, business management
experts believe that the new management style engeogit of games has a number of
significant advantages over traditional leaderst@pelopment.

In essence, gaming helps promote innovation becagd®axter notes, “the freedom to
fail and the encouragement of risk taking, which spur innovation, are further features
of both MMORPGs and some Second Life activitieshsas Insead’s business
development competitions®In fact:
Second Life, says the [IBM—-Seriosity] study, renties the same sensemaking
and visioning skills that games such as Eve Onhisgll. This game, it says,
explicitly reinforces the ability of a leader to geyond how a task will be
completed and instead focuses on what kind ofigabkst in the first place. In
Second Life, doing well—defined as designing atibgi and building structures
and artifacts that others want to use or purchaseures having a larger vision
in addition to an executional plah.

These findings indicate that Virtual Worlds maygheteate a new type of management
that is more concerned with innovation and theicomal improvements of products than
traditional management has been. Gamers have gtiesd new skills because the

processing power and access to data in Virtual igdrhve fostered an environment in



Virtual Worlds and the Transformation of Busines&thena Alliance 25

which far more time can be devoted to risk takingd & which failure is part of the
overall experience, not a black mark that folloeaders throughout their careers.

Challenges of Managing the Supplier Network

A recent SRI International analysis noted that hesses were beginning to “recognize
the role Virtual Worlds can play in collaborativerk.”* It noted that Virtual Worlds
“can enhance social connections and networking™aetp build trust among distributed
and disconnected team members.” It also foundthidal Worlds can “improve certain
work processes by easily and quickly bringing pedpbether to visualize information
and collaborate on certain tasks.”

This analysis suggests that Virtual Worlds, as aglthe on-demand computing and data
resources they can be linked to, will make it gasientegrate suppliers (as well as
widespread in-house contributors) into an orgaiomaflhis advantage is likely to be
based on the networking and collaboration thatargral to working in Virtual Worlds.

It is also important that the immersive environmemvides a new way to visualize data
in 3D as a group and to work on tasks.

These characteristics of Virtual Worlds differ fraraditional work environments. They
stress group work over isolated tasks and providevacontext—3D visualization—that
offers unique insights not possible in traditiomalalization. This seems to have the
potential to meld suppliers and final producerstbgr more closely.

Broader Implications

Virtual Worlds and on-demand computing have a pe#&tntial to reduce time to market
and the time it takes to perform critical businesscesses> The new immersive
environment, aided by easy access to large congprgsources and data stores,
facilitates the analysis of complex designs and efethr faster than is usually the case
in business. We are already beginning to see feeteif this in early business adoption
of Virtual Worlds because design- and decisionrsiee industries, such as architecture
and media and entertainment, have been among tiyeadapters®

It appears likely that Virtual Worlds will changdeet skills of employees and managers
and place greater weight on just-in-time and timgeal business processes. If this new
environment enhances such capabilities, businesagde better able to face challenges
that require new skills that are suited to desagd decision-intensive services and
manufacturing.

This could result in more knowledge-intensive irtdas growing in areas where these
skills are very available. It also suggests thatueeration of firms and individuals for
this type of work could become a significant endimreeconomic expansion in the future.
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Transforming Industrial Structure and Function

This section discusses how Virtual Worlds and omaled computing will begin to
transform industrial structure and function. To o more sophisticated applications,
firms that use Virtual Worlds for product desigrdatevelopment or service innovation
and delivery are likely to require large amountseafdily accessible computing power
and data storag®.In a sense, this will mean that people and buse®will use
computers or remotely accessed computing resousrggslifferently than they have in
the past. Computers will be used to collaboratéiitual Worlds with others in the same
firm or in firms that are suppliers of intermediatefinal goods or services producers.
The increased computational power at employeegéfiiips will also mean that
problems that could previously only be analyzedviarr more substantial computing
power will now be able to be analyzed as part efrgday work processes. Businesses
will be able to perform much better analyses ofgles marketing plans, and financial
investments. Virtual Worlds will also allow compasito bring the customer into the
design and development process and to participagalyzing the performance of
products after they are purchased. Sophisticateidida making will become more
common, although firms may face major adjustmedtteamsformational issues that
provide challenges for management.

Increasing Computing Sophistication

Intel’s vision of this future imagines that compstavith hundreds of integrated
processors “will empower tomorrow’s technology witiore human-like capabilities.
Computers will be able to ‘think’ in terms of mosgletdigital ‘concepts’ of people,
places, and things found within streams of bits laytds—enabling them to do far more
sophisticated work for users®Processes that are amenable to being analyzedtgisn
such as designing a car or determining the besttavayvest in a volatile market, are
suitable for the kind of model-based computing thegl envisions. When more than one
person is doing this analysis, it will be increatyrlikely they will employ a Virtual
Worlds platform to run the simulations and analysgiag 3D data visualization.

Many experts already recognize that to realizei@ 8D Internet, far greater computing
power will be required as enterprises and consutnenso more complex Virtual World
applications. Justin Rattner, Intel’s chief teclogyl officer, has estimated that the
sophisticated Virtual World applications expectedbé in use over the next few years are
likely to require the following components:
» Servers—10 to 100 times more computational powaar that required by more
traditional online games.
» Clients—Three or more times the CPU power andaat|20 times the graphics
processing power.
* Networks—At least 100 times the bandwidth requivganore traditional
applications”’
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Intel’s vision of the future is not the only onethmagines huge networks of servers and
storage devices employed for multiplayer gaming¢p@dopted for business
applications. Forterra developed its Virtual Wauldtform, OLIVE, for simulations “to
easily scale from single user applications to lagpde simulated environments
supporting many thousands of concurrent users. \WWgrkith the OLIVE platform,
customers can create realistic Virtual World conterd plug-in functionality to meet a
wide range of simulation needs. An API layer engloigstomers to reuse existing
content, integrate with third party applicationsddeverage third party tool§®

Forterra’s business focus is on creating enteraqigdications and applications for
professional use.

Firms such as Dassault Systems that sell softvisateenterprises use to design complex
products indicate one path for a transition fronchmae-based applications to Virtual
Worlds. Dassault has recently introduced tools Iblegiin to make a transition from 3D
computer images to a more virtual reality. Its newl, 3DVIA, creates a realistic 3D
environment for auto parts designed using its ti@akl CATIA program. This is part of
Dassault’s effort to develop tools that supportatmrative business process from 2005
to 2010 and to create “realistic simulations” fr@f1.0 onward$! Dassault’s Virtools
provide a way for designers to imagine what theadpcts might look like in 3D. These
tools appear to underscore Dassault’s intentidratasition from traditional desktop-
based imaging and virtual reality using speciald3§plays into Virtual Worlds.

A second step in moving to Virtual Worlds will be¢hange the dedicated computing
resource model that many firms rely upon. Some @mgs are building internal clouds
to create an environment in which they can flexgdtgess computing as well as data
storage resources. Merrill Lynch is currently buntgla shared utility computing model
that will permit its employees to combine storagapacity dynamically with operating
system and application components to meet its ctimpuoeeds in real timeé®® This is a
utility-computing, cloud-computing, or statelessmputing model that makes “access to
all applications ubiquitous by placing them in agamized file system or namespace
much like the World Wide Web is a namespatd.arge banks are building such cloud-
computing environments today because these enventainave faster internal networks;
because they have less need for redundant hardl@hrefor computers and storage
devices), allowing the firms to cut costs; and lnsesof the rise of cloud computing in
general.

Cloud computing can also be employed when firmstuw@outsource or externalize their
access to computing resources. In many cases, ctouguting’s early users have been
smaller companies in businesses where consumemdetaa change dramatically from
one day to the next, and in which it's importarattthe company not run short of
capacity (a real possibility for companies relyorgtheir own computing facilities,

which can be costly to build and maintain). Amazastomer Digitaria, a Web
development firm, did not want to rely on its owentputing resources to support its
business because of the volatility of traffic cogito certain Web sites it supports. It
instead chose Amazon’s “Elastic Compute Cloud (AonaZC2) to help them deliver
scalable, cost-effectiv&* compute resources.
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Result of More Intensive Users

If industries that use Virtual Worlds can accesserammputing power and software,

they can broaden the ways that computers are useith Wwusiness organizations.
Computing-intensive business problems will be asisi#d because far greater computing
power and more sophisticated software will be add. In addition, collaborative

groups in Virtual Worlds could address these pnoisi¢ogether, bringing a wider range
of expertise together to focus on difficult probkeriioday, many of these business issues
may not be addressed because the computing powesoémware a firm can use to
address them are inadequate for modeling the gitudEven industries that currently
bring large numbers of servers to focus on isselkegad to financial investments, auto
design, drug development, and aerospace desigroatesing computing resources that
are as sophisticated as they will be in a few ygange Virtual Worlds become more
widespread and focus on a range of traditionali®mss processes, immersive
environments could enable teams based around thé teanodel behavior in the

manner suggested by Intel. Even traditional areash as bookkeeping, might draw upon
the power of on-demand computing to model the wegiress payments are handled and
design new ways to run the traditional back offivere efficiently.

More sophisticated software might make it possibldevelop more complex product
lifecycle management (PLM) tools to synchronizetabations to a complex design
process®® While many auto firms have design groups thatguetftens of thousands of
simulations to test new model designs, they laekRhM tools to orchestrate the
complex process of design between large numbesspydliers and the final
manufacturer. With sophisticated software and ngrelater levels of computing power,
PLM tools might integrate design and developmegpstcross a wide range of firms
that contribute different products to an extrenagynplex design and testing
environment. There is some evidence that Boeinglbasloped such tools, especially
tools for “digital prototyping,?® in collaboration with Dassault Systems and theyth
were crucial in the rapid design and developmenh@Boeing 787’ In contrast, the
Airbus 380 ran into problems with its product ljete management.

With on-demand or utility computing, firms would bble to use more flexible

computing and storage resources. These resouradd saale to any size as soon as they
were needed. This capability would open the wayiminesses to use more complex
computing to solve R&D, design, and testing proldemto establish large data stores to
back up Web sites or large projects, regardlesghether they are short-term or more
permanent.

One place where this is already happening is irdéségn of “virtual cars®® Auto firms
have enlarged their grids to more than 1,000 CRidscan now run many traditional
applications on these grids. Firms are using hjgged communications networks on
local campuses and between facilities to let eregseollaborate in the design of a
virtual car, which now is a file at the 10-terdieiel. Today, design engineers at Audi in
Ingolstadt, Germany, work with their counterpattSBAT in Martorell, Spain, on the
same virtual car. Berco, an engineering groupgbpplies designs for undercarriage
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parts, may soon be linked to the Audi network tbadmrate in engineering design.

Doing so would save considerable funds comparehl wging traditional approaches to
set up computing resources for a business grogprporation. In general, hardware,
software, and storage spending might cover onlygfarhat a business required because
much computing could be done through a utility-oteel service.

Effect on Industrial Structure

Since Virtual Worlds open collaborative environngetat many more participants, they
should broaden collaboration within and betweempam@tions. This raises an interesting
issue. If Virtual Worlds enhance the ability to odioate and control rather complex
corporate operations, might they not also expaadstope of management? Alfred
Chandler demonstrated that modern corporations sl@ped by crises resulting from
management’s inability to oversee far-flung operaf® With substantially more
compute power to coordinate and analyze complettigyscope for management might
be expanded.

This would certainly apply to complex products @edvices and, especially, to those
where there is a great deal of innovation in prodncl services design. However, it
might also equally apply to simpler repetitive puots and services where there is very
little change if collaboration with suppliers anamketing operations were made easier.
If, for instance, sock producers found that it wasier to collaborate with retailers as
long as confidential inventory information was $théel, they might elect to use Virtual
Worlds. Such technology might improve businessassbme would have assumed were
not likely to switch from an old-fashioned hieraicai command-and-control model.

If management improvements—patrticularly a gredbdityto oversee and coordinate
complex processes—occur with Virtual Worlds, thevald be important changes in
industrial structure. For instance, “multi-industcpnglomerates could emerge and be
characterized by greater vertical and horizont&@gration. In this shift, corporations
would bring important parts of supplier networkside their own corporate structure.
This would link the innovation and creativity ofteigle suppliers more closely to product
development and testing.

This broadens the range of design and developrkéistiaside the corporation and also
gives firms the ability to apply such skills outsitheir traditional sectoral limits,

resulting in what we might call multi-industry cdomerates, which span more industries
than conglomerates do today. Examples of such oomgjlates might emerge if
aerospace and auto firms merged and brought aéwgg parts suppliers or tool
developers, such as Dassault Systems. Anotherqidgsiould be for companies that
develop parts and components for a range of inggstrauto, aerospace, electronics, and
computing—to merge into a single entity. Flextrenivhich now manages a wide range
of production facilities for the semiconductor isthy, many of which were merged
together by Solectron, suggests that organizattonkl move in this direction.
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These multi-industry conglomerates might be feasibla number of other industries as
well. Small pharmaceuticals firms, which develogvm@ocesses because they are very
innovative and agile, could be brought under thegvaf a large pharmaceutical company
in rapid fashion. Bringing such innovators under tlorporate umbrella much earlier than
is common today would only be possible if Virtuab¥s allow a larger firm to manage
the intellectual property and innovative processddate smaller firm brought under its
wing. The smaller firm might also need to use \attworlds to find better ways to
exploit its contributions to the larger firm.

A second trend that could contrast with the onevalveould be a move to a modern
“guild system,” which would be a way to more exjlicmaintain suppliers’
independencé’ These suppliers might be able to use Virtual Wottdcreate products
for a much wider range of final producers than thaye traditionally served. This shift
could be due to their ability to more readily cdmiite to product design and development
activities in a wide range of firms as well as captaccurate information about
consumers. For these reasons, they might haveragsticonomic case for asserting their
independence. In a similar way, specialized finalfaims, such as investment funds,
might be able to help create unusual investmeategjres for a range of financial giants,
hedge funds, or investment vehicles, also givimgéfirms a rationale for maintaining
independence.

This could result in a “serially linked relationphindustrial structure, with numerous
independent innovative supplier firms or partnenfi connecting with other firms that
value their inputs or services highly. This modguild system for more specialized
enterprises would include firms with extremely nefil areas of expertise that can shop
their services or wares to a range of corporatiom®th manufacturing and service, but
are linked to a larger innovative whole within ¥ietual World. For instance, the
pharmaceutical industry relies on a wide rangdiofaal research organizations (CROS)
to conduct new drug trials. Much of the resultshafse trials are fed into a specific
pharmaceutical company’s group overseeing a spddi. With Virtual Worlds, such
trial results could easily be viewed several timeky and the participants from the
pharmaceutical company and the CRO could be in mamstant communication.

For modern guild system firms, access to Virtualr\& to on-demand computing, and
to a number of different partner firms with computata storage, and other resources
that could easily be shared among suppliers coalkenproviding services to a wide
range of partners much easier. The benefit foraatpns that are linked to specialized
enterprises is that the modern guild system firmdadtuse model-based computing,
collaboration in Virtual Worlds, and better integoa of firm experts to improve their
own services and innovative character. Contributimgvations individually or even in
concert with other guild system members could Oéfarent way to accomplish this.

One major difference between modern guild systemsfiand the multi-industry
conglomerates would be the ability of guild systims to gain better market inputs
from the widespread and talented pool of compaameisindividuals included in the
network. The larger conglomerates could include yrauppliers and a wider range of
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industries, but they might not be able to explo& benefits of social networking and
consumer reactions to product ideas and designeldas the modern guild system
firms. Many of the firms in the modern guild systgnoup would be more agile and
innovative and easily incorporate the latest ergging and computing developments.
One factor that has always slowed change in bifyiges, such as large pharmaceutical
companies, has been the need to wait for neargnargtion to overcome trend-setting
shifts, such as the change from wet-lab researchrguter-based analysis. Modern
guild system firms would tend to recognize suclitsiinmediately and quickly adapt
new technologies.

The multi-industry conglomerate response refleataes of the ways that observers
believe Virtual Worlds or utility computing may ainge business. One analysis noted that
cloud computing and more sophisticated softwaremalke IT resources “highly
responsive and business goal drivEénNicholas Carr believes the rise of electrical
utilities may be similar to what will happen with-dlemand computing; that is, as
electricity becomes available on demand, a conattid of resources into a few large
companies will ensue. This would change the naititke IT business dramatically,
moving it away from the hardware and software inguse know today? We see this
move to vertical integration as one main trend, \@s®me sectors become “super”
vertically integrated.

On the other hand, if the benefits of collaboratmal social networking enhance the
ability of smaller firms to innovate and expanditiexpertise, then the modern guild
system firms might also be very viable. Their sgsamay stem from their ability to
handle “soft skills,” such as personal interactjdas better than traditional corporations
that operate outside of Virtual Worlds.

Open Versus Proprietary Systems

What types of Virtual World platforms, grids, contimg ecosytems, and next-generation
Internet are required to bring about the changesudsed above? The answer to this
guestion revolves around the issue of open vensysiptary systems.

There is concern that because today’s computingraéspmore on others’ infrastructure,

whether for Virtual Worlds, cloud computing, or Sashat “being a developer on

someone’s platform will mean being hosted on thgiastructure.” Tim O'Reilly

opines that:
[P]latform as a service plays, from Amazon’s S3 B@P and Google’s
AppEngine to Salesforce’s force.com—not to menkanebook’s social
networking platform—have a lot more in common WNOGL [America Online]
than they do with Internet services as we’ve kntlwem over the past decade and
a half. Will we have to spend a decade backtrackimg centralized approaches?
The interoperable Internet should be the platfarat,any one vendor’s private
preserve’
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The solution to maintaining this openness coul@ @kumber of directions. One,
suggested by O’Reilly, would be to build on “theden of open source and the Internet
... that we can build an operating system that isytlesl from the ground up as ‘small
pieces loosely joined,” with an architecture thatkes it easy for anyone to participate in
building the value of the syster®”

This, he asserts, could be a way to get arounddheern that only a few corporations
stand to gain the most from the broad adoptiori@fcccomputing and SaasS. The
concern stems from a worry that firms using thes@érologies can exploit the many
contributors who get paid very little to make thesdforms successful. This could lead
to a kind of “digital sharecropping,” which Nichsl&arr has criticizet. Carr and others
who disapprove of these developments believe thlasa the dominance of application
programming interfaces (APIs) and control of daaters is broken, the new Internet and
computing world will be dominated by Amazon, Gogglad Salesforce.com, much like
the way Microsoft dominates the personal computaket.

A different approach would be to create an opendstalé’ Internet operating system
that would tie together applications that use \&fWorlds, cloud computing, and SaaS,
making it possible to “build on services that aesigned to be federated rather than
centralized.”® This approach would address Carr’s digital shamgung concerns by
giving the little players equal access to the \alworld field.

But if we turn Carr’s thinking around and apply #lectrical utility analogy to cloud
computing’® we get a system where open standdnasuld permit the Internet and cloud
computing to provide for greater value added bylpoers of services and goods that
would not be controlled by today’s IT service tis. This results in a very different way
to view the outcomes in the new Internet and Saa&iwin this “anti-Carr” view, IT
service utilities would not dominate the futurecoimputing and the Internet. Instead,
they would become the *“utilities” for platforms thie future that are much more open.
This result would require an effort to limit theilélp of the “electrical utilities” to

become national monopolies. One step toward thasngjruent with Tim O’Reilly’s
writings ' O'Reilly foresees the creation of a new Intern@trating system that is the
hub for a wide range of applications that develspeeate, relying on cloud computing,
SaaS, and, by extension, Virtual Worlds. Anothep shight be to limit the scale of
utilities that support the future Web 3D, cloud garting, data storage, and networking
conglomeration of technologies. This might requiational or state ownership of some
resources so that these firms would resemble igyutither than a monopof.

Increasing Firm Efficiencies®

There are significant efficiencies that firms hgeaened by adopting grid computing.
Virtual Worlds and on-demand computing will build these efficiencies, creating
environments where businesses can address mordesoptpduct development
challenges. We can already see efforts to pronwitaboration in the push by Intel,

IBM, Nokia, and other firms with large numbers estjners to get their design groups to
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use a collaborative environment. This will permesijners in different locations to work
as a single team. Collaboration also helps redocetb get new products to market.

Auto and aerospace firms have made real progrésg cemmercial SOA products,
tools, and grids. They have created “virtual canrsd “virtual planes,” 3D files with data
that facilitate collaboration among engineeringigiegroups:* By using virtual cars,
engineers can test designs and manage crash testimdyuct computational fluid
dynamics (CFD) analyses, test structures, and ateahoise vibrations as they design
new car models.

There are several advantages to “virtual c&tirst, firms can go through many more
static and dynamic simulations using well-known poer-based simulation tools, such
as LS Dyna, NASTRAN, etc., for crash and CFD aredy$&or the final design, this
means much more rigorous testing and analysistesting the time needed to bring a
new design to market. Second, such simulation warkreduce the cost of the testing
and design processes by automating processes igjtatimve been done with models
and wind tunnels or using physical crash testirigs Teduces costs and the time to
evaluate a new product. Third, auto firms are segekiore flexible designs. For instance,
if a new government regulation is promulgated, angkers want to respond quickly and
not put off the introduction of a new design justause the rules have changed.
Computer-based simulations allow them to responcktyuto new regulations, such as a
new German requirement that the front ends of caate fewer significant injuries to
pedestrians. Virtual cars let manufacturers chang®del design quickly. Fourth, virtual
cars have let companies like Audi greatly increhsenumber of models they offer. They
can design different versions that build on thees&ame and often retain other parts of
an established design, such as the windows, dootsjnk. Audi now markets about 40
models compared with about six a decade®go.

Virtual cars could well be the tool that expands tise of grids. If auto firms can use
virtual cars and aerospace firms begin to rely ioal plane$’ the way they collaborate
with their suppliers may suggest solutions for ofirens that rely on suppliers for
innovative designs. For instance, semiconductagddgms, such as Intel and IBM, or
pharmaceutical firms doing drug design work coukhte 3D models that groups
throughout the world can contribute to. Thus, \dttcars could push grids to a new
frontier—the “collaboration grid.” With collaboratn grids, different simulation and
design groups could operate as a single team whibitie facilities are separated on a
corporate campus or by miles of land or ocean.

If such collaboration grids are widely used in #uitomotive and aerospace industries,
they suggest that the traditional Grid 2.0 modéhssifficient because it contains
conceptual gaps. In traditional Grid 2.0 thinkiggds never move beyond the enterprise.
Collaboration grids could encompass vast comporadritee firm as well as a large
number of suppliers, subcontractors, and enginggantners that the final firm—the
automaker or the aerospace enterprise—does notirothie classic sense.
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Auto firms’ use of collaboration grids shows thegrwto go beyond “virtualization,
aggregation and sharing of all compute, storageyark and data resource® Rather,
they see SOAs and grids transforming the way thggmew products to market,

shifting from a technology focus to a market ouaibess focus. And this is where SOAs
and grids provide real power—enabling the sav\aesb firms to leave their competitors
in the dust when it comes to profits and creatiaug ¢that are extremely responsive to
customer needs.

While much of the recent news in SOAs and gridelkas around SaaS, advances in the
virtual car show that grids are contributing to ajon shift in the way complex machines
are produced. If collaboration grids are used aceosnge of industries, they could alter
how firms engage in engineering design. Even serfiims might benefit from the
creation of a new tool that shortens the time &giteand deliver new services.

Virtual products—not only the virtualization of mgces—could help change the way
modern corporations operate.

Transforming New Industries

Grid computing and on-demand computing have therpiatl to transform existing
corporations, leading to an entirely new businessos made up of “fourth-wave”
industries. This terminology is based on the faat agriculture represents primary
industry, manufacturing represents secondary imgushd services represent tertiary
industry. In the fourth type of industry, firms dreilt on computer-related technologies
that can handle the extreme complexities of thesifess enterprises and accommodate
the extensive partnerships required to developpr@ducts and services.

Fourth-wave industries are likely to differ fromhet industries in that all of the products
or services they create will be designed, develppedketed, and managed after sale
with the use of Virtual Worlds, cloud computingrtual data storage, and next-
generation networks. The products of these indesstire likely to be created by a
collaborative web of firms that are tied togetheotigh design and product development
and composed of work teams that rely on Virtual M&linked to clouds and scalable
storage.

Stem cell industries, which are often more broafdifined as part of regenerative
medicine industries, could be pioneering fourth-evéikms that would benefit from
extensive use of Virtual Worlds, cloud computingd airtual storage. The creation and
design of new stem cells requires working closaljwartners to design individual stem
cell lines. Once this is accomplished, the sterhficed and its partners will need to
produce large numbers of stem cells from spediiies! using bioreactors. For each stem
cell line, the firm and its partners must accusatgkeserve and document its genetic
composition and the characteristics of any lin@s éne derived from it. They must also
document and authenticate intellectual propertiytsigstem cell lineages, and the
reactive histories of each stem line. Stem celingas and collaborators will want to
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develop derivative variations of the basic celerand provide rapid access to this
information. Firms must track genetic data uniquedch stem cell line and its cohort
and manage a wide range of contributions from pastrirhe very nature of this work
cries out for a system to manage these complexs task.

Once stem cell firms sell these lines, they wikddo track the characteristics of each
one to learn how it may be modified to create adidél products. Each firm will need
access to highly scalable compute power and datage. Data on genomic information
could easily grow to several terabytes in sizeegithat the individual stem cell genome
will require a gigabyte and that tests and anaiyficrmation could easily be 10 times or
several 10s of times larger. Each firm will alsedé¢o provide partners and follow-on
developers with secure and rapid access to key pathe database about the main lines,
particularly if they collaborate on new derivativiesing tested in clinical trials. Updating
and sharing this information in real time is a tdage.

Virtual Worlds with access to scaleable computiog/@r and data storage resources can
be the keys to success for stem cell firms. Comialestem cell products might be

limited in scope and in market appeal when thest Bmerge. Nevertheless, once they
expand in size and application, platforms that mevyor extensive computing power,
collaboration, and scaleable data storage willunelamental for their success.

The new fourth-wave industries could impact traatiél industries as well. One possible
impact would be to open the way for additional isities that have traditionally shied
away from automating their operations to employ plax model-based computing. The
economic gains made by fourth-wave industries cbeldo substantial that they might
alter the way many other sectors operate.

The model of open collaboration among firms thatrabterizes these new industries
could also set an example for other sectors. Mutagtries might integrate their product
development work with smaller, nimble, innovativatpers. It is not clear whether there
would be a distinct bias for smallness, but coltabions between large suppliers and
manufactures could end up being more efficient.

Altering Product Development

Virtual Worlds, grid computing, and new compute &iems could lead to new
products, processes, and services.

We've already alluded to the ways these technosogiight help firms accelerate product
design and development, such as by enhancingntistie and lean manufacturing. In
part, these improvements result from collaboratemmeng different groups within a firm
or between a large firm and its partners or sulvecturs all bringing design ideas and
testing them while products are still at the “vaftustage. This reduces the time and cost
of new product development and results in refimeghly tested products.
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The interaction with consumers that these technegogfford is invaluable to integrating
their opinions into product and service developm¥irtual Worlds provide a way for
innovative ideas to be collected from consumengroduct developers, whose inputs are
usually not considered in the design stage. Soei@lorking in and of itself can change
established business patterns.

A second way that these new business ecosystentd aignge how products, processes,
and services are developed is by facilitating cardus improvement and innovation.

This would result from providing greater accessdmpute power and would permit a
large number of firms to run nearly unlimited ambahtests on various components of a
new product design. Reactions from consumers opdhtential product or service might
contribute to improvement and innovation—or stéerfirm away from a dud.

New ecosystems also might unleash the conceptesf mmovation, which holds that
companies must be amenable to obtaining ideasfaviation from a wide range of
sources outside of their own research centers. $heyld “buy or license processes or
inventions (i.e., patents) from other companf&s&hy innovations that are not being
incorporated in products or services should be gfiuor licensed to other firms. Open
innovation contrasts with closed innovation, whefe@m uses only the internal
knowledge it obtains within its own R&D operations.

Organizational Forms

There has been speculation by some business oagjanizxperts that collaborative
systems will require new forms of organization. idsmHeckscher argues that the
dominant organizations of the future will rely amllaboration networks, wide-ranging
global networks of creation and productiihese new agile organizations will replace
bureaucratic systems. But Heckscher notes thahésses do not yet understand how to
manage more fleeting and unfixed collaborationdciwimeans that a number of different
organizational types may compete to arrive at & btructure.

Heckscher says the new emerging enterprise coubalbex a collaborative enterprise
structure, a solutions-oriented organization tloautikasts with the old bureaucratic
corporation’s focus on mass productidiThese types of enterprises emphasize
contributions versus top-down paternalism.

20" Century Firm Emerging Enterprise
Strategy Mass Production Solutions
Structure Bureaucracy Collaborative Enterprise
Culture Paternalism Contribution

Firms that leverage resources around opporturiieseate more “opportunity-driven
enterprises” are collaborative enterprise modéldeckscher points to structures that
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include fluid teaming, task force overlays, decalited teams, and front-back-middle
organizations.

Types of organization

Fluid teaming

Complex

Front-Back -
Middle

Task force
overlays

N

Traditional
bureaucracy

High change/

uncertainty Decentralized
teams (e.g.,
consulting)

Figure5. The Collaborative Organization ProjecdKA “The Rutgers Network,”
http://www.heckscher.us/CWT/Collaboration%20netwé&0introduction.pptAccessed October 16, 2008.

An alternative approach to Heckscher’s might drass lfrom the traditional
multidivisional corporation and more from the néedreate new structures that could
easily link to “outside” contributors. This woulde@an that the main innovation in the
new organizational forms would be to provide sherth or medium-term links with
outside firms or organizations. Thus, the new $tmgcwould permit easy integration
with independent business entities. This is theaedhat modern guild system firms,
discussed above, are proposed here as a likelypiaeg@mnal form.
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Competitiveness and Collaboration

This section will explore how new technology-faated collaboration impacts U.S.
business competitiveness—domestically and globadige-what needs to be done to
speed deployment and adoption of these advancédand ensure that the U.S. captures
the benefits of this technological shift.

Shifting to Collaboration

Virtual Worlds and on-demand computing will creatbusiness environment where
collaborative enterprises are the dominant forrausfiness. Businesses across the range
economic sectors—from industries in traditionaltsexto those in the fourth-wave
sector—are likely to benefit from the shifts towaallaboration.

This shift will very likely develop over the nexécade in a series of phases. The first
phase will use Virtual Worlds for education andrtirag. The second phase will use
Virtual Worlds for internal collaboration among porate teams. The third phase will
merge teams across business groups and acrosgessippldevelop a broader,
collaborative enterprise.

During the first phase, there will be considerabiperimentation with Virtual Worlds
and little focus on tying Virtual Worlds to corpteaapplications for design and product
development. Collaboration will focus on educatém training or even substitute for
conference calls and meetings. The main benefito@isavings in time and travel costs,
but other benefits could include building teamg tizan focus on key problem areas
within the firm?*

During the second phase, there is more internatileg.and working with Virtual Worlds
to exploit the benefits of collaboration. There bagn little discussion of firms in this
phase, but teaming and greater collaboration shegldt in efficiencies in time to
market and in lowering the cost of developing newises and products.

The third phase will make Virtual Worlds centralthe creation of new products and
services. In traditional industries, collaboratergerprises will be able to design, test, and
market new products and services at lower cosirasdorter time than is the case with
traditional firms. They will gain efficiencies feeveral reasons. Collaborative groups
within firms will be able to work more effectivebn designs, testing, and product
marketing, incorporating suppliers and partnerthag work. They will overcome some

of the constraints of design tools that are unabliateroperate by relying on a basic
Internet operating system that runs Virtual Worlgls;,demand computing, and on-
demand data storage. This operating system shwoaldesover the next few years and
serve as the basic glue for computing, storagesaftdiare technologies.

Virtual Worlds, cloud computing, on-demand storaayg] next-generation networks will
open up supply chains to a larger number of sugpliEhrough these technologies and
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with new processes for closer collaboration, finmk be able to test new potential
partners and bring them into the supply chain. Kesknologies also will make it easier
to manage more partners in the supply chain andge@ better yardstick for evaluating
the contributions and innovative capabilities dfatent suppliers. This might result in
supply chains that are more competitive, less goatid of greater value, leading to
accelerated outsourcing. But it also might revexsgisourcing if a supplier’s strong suit is
its innovative capacity and knowledge rather thamow cost. This might reset the
priorities of collaborative enterprises away framvést cost to the highest innovation and
level of knowledge.

Collaboration with suppliers and partners will lmsgible from the earliest stages of
product design. This will add to the efficienciagoroduct development and testing.
Ongoing inputs from customers will also ensure tleat products are congruent with
market tastes because emerging product designbeviést marketed in Virtual Worlds
and via social networking sites. Suppliers andrgast will capture these inputs and
market tastes to become the preferred suppliersfaabthose with the lowest price.

Additional efficiencies will be possible becauserkgyoups around the globe will be able
to collaborate in design, development, and margedecisions, as well as respond to
consumers. Global product platforms could be cretitat mirror market behavior,
consumer preferences, or habits in groups of camstAt the same time, such platforms
and subplatforms should provide ways for manufaoguiirms or service companies to
increase the number of common parts and processesat they design and bring to
market.

In addition, Virtual Worlds and model-based softevaould provide important new ways
for collaborative enterprises to evaluate theifipand-loss statements and financial
position for a wide range of operations many time&Ry. This could be valuable when
prices for different inputs are volatile, when nmetkchange unexpectedly, or when the
cost of capital shifts. The collaborative entemprguld be able to rapidly adjust the

scale of its operations, the cost of its inputs famal products, the market where it sells

its products, and the sources of its financings&tiould result in lower operating and
capital costs. The volatility of prices for inpatsd greater need to manage the timeliness
of their delivery is a major issue for producersarkkt volatility is also a critical issue for
service firms as abrupt shifts become more common.

There is also likely to be some downside in the entmvVirtual Worlds. Since the new
technology opens up the sensitive area of prodesigd to many more collaborators,
larger firms may be reluctant to adopt the techgplantil it is proven not to undercut
their brand position or spur knockoff competitdgsitil larger firms demonstrate the
business value of Virtual Worlds—for instance, whiegy are successfully used for
training, education, or meetings—there may be $tiept resulting in a general inertia in
adopting new technologies. Firms that are not teldgy leaders will likely take even
more time to adopt the sort of collaboration thatid transform their firms.
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In addition, it is possible that related technoésgwill take longer to develop than some
analysts expect. The open platforms used by ViMvatlds may remain closed or may
take longer to develop. Interoperability betweempate clouds may be delayed because
firms such as Amazon or Microsoft want to buildgmetary businesses that benefit from
closed designs. There may not be the push towasd apd interoperable cloud
computing where end users pay for computing powehaugh it is a utility instead of a
situation where the providers operate as oligopoext-generation networks that
support high-performance computing and model sitiaria for businesses operating in
Virtual Worlds may take a long time to be deploy8drvice providers may not have
adequate incentives to create high-speed netwalkssithere is a massive shift to
Virtual Worlds or a rapid growth of video-relatepipdications on the Internet.

But there would also be interesting benefits fovise firms that become collaborative
enterprises. For instance, in the financial sessindustry, investment groups from
different financial centers could meet in Virtuab¥d locations or “sims” and
immediately respond to market changes, evaluaterteswdecisions would affect
exposure to risk, and reconvene rapidly if marketsed in unexpected directions. With
a collaborative enterprise structure, financiatitngons could include outside expert
partners in certain types of financial instrumeanttheir deliberations and, when
appropriate, create joint investment strategiegudi World locations could gather and
analyze data from a wide range of market tradegtions investments in a matter of
minutes, which would be extremely responsive toketashifts.

Consequently, service firms that become collabesagnterprises would be able to
exploit some of the same efficiencies that woulddfié manufacturing firms. They will
be able to bring ideas together more rapidly aedter products and services at lower
cost. The ability to model products and processesgwast compute power could also
change the depth of analysis and transform col&ttwor from an exchange of ideas or
viewpoints into a more intelligent approach to defg innovative services based on
modeling and simulation that might not have beeailalble before. Firms that succeed in
becoming collaborative enterprises may reduceahels of management by reinforcing
efficiency and cutting waste. Service firms coukbaspecialize in innovative or more
efficient services because they are attuned tthih&ing around the design and product
development priorities of their partner firms.

There could also be a disadvantage to Virtual Wsiridthe services sector. Executives
may have trouble learning how to employ Virtual Wderto gain advantages in analyzing
markets because they are less computer literatenéaer employees. There might also
be some infighting between different parts of afical firm; a group that needs to make
rapid decisions, such as capital markets, mighteng supportive of Virtual Worlds, but
another group, such as fixed investments, might watake a more deliberative
approach. In addition, there could be a reluctaadetegrate groups that don’t usually
collaborate into Virtual Worlds. In addition, it méake time to develop the person-to-
person skills required for Virtual Worlds, whichutd slow the pace of change.
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Nevertheless, Virtual Worlds, on-demand/cloud/godhputing, and next-generation
networks could transform businesses to collabagagiverprises. This transition should
spread across industrial and service firms. Therhanefits are that a shift to Virtual
Worlds and the related technologies would changd#sic costs of operations as well as
provide for efficiencies due to far more effectoalaboration within and between firms
and the ability to obtain more accurate informatout consumer and market
preferences. The shift to collaborative enterprigesld also provide more effective
means to incorporate many subsidiaries and parimirs: large, global corporation that
would be more agile and adaptive to change compaitedts 20" century predecessor.
Entirely new industrie&? “fourth-wave™® industries, might also be possible with the new
range of technologies we describe above that stuppoduct design, testing, and
development. A range of new industries could bategtaround the easy access to
powerful computing.

How would such industries operate in ways thaid#ferent from traditional commaodity,
manufacturing, or service industries—those of thst,fsecond, and third wave?

As was discussed earlier, one example is in theesaveéregenerative medicine or the stem
cell industry. This fourth-wavé industry would only be viable because of its &piid

use Virtual Worlds, on-demand computing, on-demstndage, and innovative software.
First, they need to be able to manage very commieduct-development processes
where enormous amounts of data are required taidegbe initial stem cell line as well
as all of the derived lines that a firm producesngcell firms also need to manage their
intellectual property, track descriptions of eaelsib stem cell line—how it might be
modified to create new lines or variants that adaress a range of diseases—and
maintain information on a wide range of clinicahls. Stem cell firms also rely on
collaborations with partners, research labs, halpiand clinical research organizations,
which need easy access to designs, product develdgnformation, clinical trial

results, and other data. Nearly every facet ofith@s operation—from product
development and marketing to after-sales maintemahmformation—would require
extensive collaboration underpinned by foolproodlgy controls.

Other firms in complex industries with many movipests, such as energy or
biotechnology, could also be Virtual World earlyoaters.

Competitive Impacts of Collaboration-Promoting Technology

We posit here that American enterprises that enebcatfaboration with Virtual Worlds
and on-demand computing technology will improvarthempetitive positions
worldwide by establishing structures that developds and services more efficiently.
If firms in other countries adapt to these techgm@e and practices more rapidly than
U.S. firms, then they will outcompete their Amenaavals. Firms will succeed or fail in
this new method of doing business based on howtheil employees can work with
collaboration technologies and how well corporagiomnage the deep organizational
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effects of cooperation. This includes incorporatiogial networking and other
technologies that offer new players a way to pgite in design, development,
marketing, and other tasks that result from this eariched form of collaboration.

While we cannot foresee all of the ways that callabion will affect the global

economy, we can extrapolate from the discussidhérprevious sections to predict the
ways competitiveness might be impacted by futucglpct development, management
practices, and organizational structures basedlaboration. Certainly, collaboration
and its impact on competitiveness will be shapethbydevelopments in Virtual Worlds,
cloud computing, and on-demand and high-speed mkimgpthat are culminating in new
technological capabilities for businesses and cmess. It should be emphasized that the
use of open systems and standards as well as agarsar-controlled networks are
important elements of the transformation.

What may happen in terms of business processesrgadizational change over the next
decade or two could be just as transforming asli@ages that Alfred Chandler
described at the time the modern corporation was.¥ias has been suggested, the
global economy could experience a series of tramsftional changes.

These changes would be part of a fundamental wemsation because they would alter
the way businesses operate and how businessescintgth partners and consumers.
This includes the way that all organizations depgdooducts or services and the way
they incorporate contributions from partners angpsiers as well as consumers. It also
encompasses the way they market their goods antesgrand how they manage
business processes, create products, and responddomer satisfaction after their
wares and services are sold.

As we discussed previously, two types of collakbieeagnterprise might take hold. The
first type, multi-industry conglomerates, wouldrbarked by greater vertical and
horizontal integration. Here, corporations woulddrporate supplier networks into their
own corporate structure to link the innovation anehtivity of outside suppliers more
closely to product development and testing. Theghtnalso merge across traditional
industry categories if the final products were samicreating new multi-industry
corporations.

The second type of firm, the modern guild systemwbel be characterized by a tendency
to retain supplier independence. These suppliegbtniink to Virtual Worlds to create
products for a much wider range of final produdbesn they have traditionally served.
This shift could be due to their ability to moreddy contribute to product design and
development activities in a range of firms as \asltheir ability to broaden the design
and development skills of the affiliated corporato

In either type of business arrangement, collabegagchnology would alter firms’
abilities to operate, manage, and structure inters within their organizations. They
would be able to bring vastly greater compute resgsito bear on product and service
development and investment decisions using ViNatlds powered by on-demand
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computing. Vast and scalable data stores, nowablailt low cost and for any size
organization, would also level the playing fielddsanhance competitiveness. These
shifts would also require new optical networks thider users the ability to step up
bandwidth availability with little difficulty. Finllly, with new, multiprocessor computers,
companies will be able to run new software thaivedl firms to model business
operations and consumer behavior in a quantitatesye—such as Intel's model-based
computing product.

These changes suggest that global competitivenddsevbased on the following four
broad measures of change:

1. How extensively firms transform themselves to dmdlation enterprises and
adopt structures and strategies that are more topecnorporating partners,
suppliers, and consumers in their operations amdrapidly such firms and
industries become an important part of the existiocgnomy?®

2. How rapidly collaboration enterprises adopt new pata-based technologies,
such as Virtual Worlds, on-demand computing, mrgigessor technologies, and
model-based software with the aim of altering tteg/whey develop products and
services.

3. How well equipped employees are to work in a catakion enterprise world
centered on partnerships, rapid innovation, andkgugactions to changes in
markets and consumer tastes, including havingppeoariate computer skills to
function with Virtual Worlds, on-demand computimgodel-based software, and
on-demand software and data resources.

4. How strong the U.S. technology infrastructure istpport innovations in the
fundamental technologies that support Virtual Werloh-demand computing and
data storage, and model-based software so that#dregustain corporate
productivity and transformation and growing consusaphistication. Or will
U.S. firms need to tap the technological resoucdedther economies that have
more quickly built up important Virtual World caphties and strengths in
related technologies, such as on-demand computimgemand storage, and
model-based software?

These measures suggest that the competitivenasdiviiual firms will be based on

how rapidly they become global collaborative entiegs and how quickly they transform
operations to use collaboration to improve thecedficy of designing, testing, and
marketing products and services.

We believe that a fundamental change in the ecar®afiproducing services and goods
can emerge alongside the adaptation of new synierggshnologies? This has not yet
occurred, however; rapid advances in social netingricomputing, storage, software,
and networks must still converge with widespreaedrations in corporate business
practices.
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But technological advancements will allow firmsnore rapidly transform their
practices. The Internet is becoming three-dimeradioia Virtual Worlds and the use of
vastly more powerful processors. Data storagegmineng to exploit virtualization
technologies and on-demand structures. Model-bssidare is on the cusp of resolving
important business problems in new ways. Rapid comoations solutions make it
possible for businesses to change. These advanitémmsform our economy and our
business culture. In the future, we could see gveater changes as far more powerful
information technologies are developed and appbdulisiness operations and consumer
habits. These changes will not only make collalhomnad major feature of corporate
operations but also offer greater access to consapieions and market reactions.

Still, it is important to point out the significaaobstacles to success. Virtual Worlds
operate without a strong legal framework for bussnesers and consumers, something
we already see in the Internet. There is alsoladacopen platform for developméHt
and no formal barriers that might make it moreiciiit for individuals to engage in
pornographic and lewd behavior, although changéisamext year should block access
from a corporate site to such sites. In additsbclies of efficient collaboration and
technological and organizational change are neeedre protocols and common tools
for sharing knowledgé®?

Concerns over security, control, management, ategjiation stand in the way of cloud
computing in the enterprisé’ Data users may need to cede control of their inétion

to companies that provide computing on demand. $-imay feel that this is too big a
shift from traditional practice or worry about hevell sensitive information is protected.

Grid computing presents businesses with similaundrums since many firms do not

see this as a traditional technology but one thdifferent and is to be owned by a
business unit. While Amazon, Google, and otherdiproved that this idea is wrong—
showing that third-party grids can be tapped fac# projects and relinquished by the
firm—other obstacles, such as a lack of skill $etgyrid-specific tasks or a resistance
from IT departments, are still present. Users dse a shortage of software development
tools that are needed to build gridware applicatiSh

Actions of Other Governments

Although just a few governments have taken stepsdmote Virtual Worlds, their
efforts are substantial and impressive. There laeatempts to promote cloud and on-
demand computing, but these are more likely totlileearesearch rather than the
commercial level.

The most impressive effort in Virtual Worlds is tBaina Recreation District (CRDB}>
The goal of this project is to create the infrastuve that companies can use to sell
products and services in Virtual Worlds. “The 8@@@-kilometer complex [funded by
the Chinese government] is huge, allowing for whatehysical needs the CRD may
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have including data centers, entrepreneurship ertaining facilities, a real-world
amusement park, a game center and conferencetiéaci®

As of November 2007, there were 200 game and medtiancontent producers on-site.
The goal is to “bring 150 million middle-class Ceage people and companies into their
virtual world platform,” which is called “DOTMAN’ The platform serves as an
enormous e-commerce site for selling final produtke platform includes six virtual
spaces:
DOTLIFE provides 3D models and databases for inldizis and companies in
the world; DOTBANK [is for] banking and transactisaervices; DOTMEDIA [is
for] communications services; DOTSPACE [is for] tamt pooling, trading
platforms, and libraries for 3D models, animatidiig)s, games, and other digital
content; DOTGAME [is for] online games; [and] DOTBAE [is for] Internet-
related services from customer service to bandwitfth

China Mobile, the largest mobile phone operatdCivina, is expected to offer incentives
for its users to make purchases in this Virtual M/goossibly offering one virtual dollar
for every 100 minutes of calls. Evergreen Bank bin@, in which the government owns
a large stake, will establish a bank in the Virtdadrlds and offer clearance and
settlement services to customé&ts.

Thailand is funding a $250 million Cyber City foredlia production and IT
development!® This will include collaboration with Mindark, axteemely successful
massive multiplayer online role-playing game filmnd Creative Kingdom, Inc. (CKI),
which is a new planet in Entropia Universe that pibvide a “diverse, entertaining and
interesting virtual universe of vast proportions participants to explore:** One hope is
that “Cyber City will enable Thai workers to gernterancome from remote locations—
thus revitalizing the economies of rural commusitad stemming the crush of
migration to urban centers$®

Government efforts to promote on-demand or cloudpmating are limited in number and
primarily focused on basic research. The Europeamr@ission and IBM are part of a
13-nation research effort called the RESERVOIR clvhaccording to the press release,
“will introduce the new capabilities for the depiognt of commercial service scenarios
that cannot currently be supportéd™

The Infocomm Development Authority of Singaporalso funding part of a global
cloud computing test bed. The participants incldée Intel, and Yahoo! as well as the
U.S. National Science Foundation, the Universityllofois at Urbana—Champaign, and
the Karlsruhe Institute of Technology (KIT) in Geany. According to the press release,
this test bed:
will provide a globally distributed, Internet-scaésting environment designed to
encourage research on the software, data centexgmarent and hardware issues
associated with cloud computing at a larger sdae ever before. The initiative
will also support research of cloud applicationd aarvices*
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Government efforts in Virtual Worlds and on-demandputing are aimed at promoting
research to support technological innovations anutimning the commercial use of
Virtual Worlds, although China has moved the fustha this regard.

Fostering U.S. Policy

In the United States, a number of players havedfft roles in promoting Virtual
Worlds, including government, academia, and inguasisociations.

The government can support educational effortgdaden the familiarity of the school-
age and employed population with Virtual Worlds af@ud computing. It can build a
new infrastructure for Virtual Worlds, on-demandrguuting, next-generation
communications, and model-based software. It caactly promote efforts by firms to
sell products and services in Virtual Worlds.

Government might also support experiments in trgr@ind industry-specific work with
Virtual Worlds and cloud computing to see whetlerée is adequate understanding of
the underlying technologies or problems accessngpte compute resourcts.
Government could also work with industry associaito create road maps that help
individual firms transition to Virtual Worlds andhalemand computing. In addition,
government could examine whether laws that govesrreéal world need to be modified
to apply to issues that may arise in Virtual Worlds

Academia is active in research on Virtual Worldd an-demand computing, but it could
begin to foster greater use of Virtual Worlds iadieing. This may require substantial
training incentives for current faculty, but aresl@or department-level initiatives might
help faculty teach more classes in Virtual Worlds.

Academia could also develop more collaboration wittustry to foster greater use of
Virtual Worlds in business.

Industry associations could develop training proggand seminars to help inform their
members about Virtual Worlds and best practicedand computing. They might also
work with academic institutions to create joint im@ss—university seminars that would
familiarize firms with these new technologies amdnpote their adoption.

Industry associations with members that are likellge early adopters of Virtual World
technologies could develop road maps to identifiy basiness processes, such as design
and testing, and business practices, such as ooditidin with partners and suppliers,
would be affected by Virtual Worlds. These road mapist for technology development
but have not been created to help businesses &deipange.
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Economic Development

We noted above the four dimensions that would teatie widespread use of Virtual
Worlds and on-demand computing in the U.S. If th8.léconomy’s firms are among the
first to transition to collaborative enterpriséghiey have highly skilled employees who
can work with Virtual Worlds and on-demand compgtiand if academic institutions
supply educated workers who are familiar with these technologies, the U.S.
economy would certainly benefit.

If Virtual World technologies are to become moregrated into business, U.S.
economic development policies at the federal, statd local level must ensure that they
are not difficult for firms to adopt. State andabgovernment might need to help
regional and local firms obtain and master thesbrtelogies. A national effort might be
required to help firms change their operations @mderlying business technologies.

When Virtual Worlds are used for product design seidvice development together with
on-demand, cloud, or grid computing, the numbéirofs in a regional supply chain
could increase, leading to more competition andsjidy, churning. Local and regional
firms could arrange themselves into industrial usby expanding the number of firms
collaborating together and extending the geographéach of partner networks using
Virtual Worlds. Geographical reach of certain inties could be expanded if Virtual
Worlds enable corporations to create large-firmpdiep networks or clusters of skilled
guild-like suppliers and partners.

The role of government, however, may have to chamgeirture such developments.
Regional planning associations, which traditionatiynfine economic development
policies to particular geographic areas, might rtedsroaden their scope. The rise of
Virtual Worlds would mean that local and regionah would not only have to adopt
new technologies, but be ready to join network&fe multinational firms that seek
suppliers from around the nation and the worldaA®nsequence, regional firms would
need to look beyond their neighborhoods for new. 0r&ven global partners that
enhance their collaboration skills and market pasitWWe might see a breakdown of
single-location clusters in favor of clusters thak several regions and are closely tied
by industry history or skill sets (e.g., areas #raphasize engineering, software, and/or
computing).
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Policy Recommendations

Industry, academia, and political leaders nee@t¢ognize that Virtual Worlds could
transform the U.S. and global economies as lorthexs are simultaneous adjustments in
business practices, research and educationalt@syrand government policies.

Government policy should focus on the fact thatlih®. will compete based on its
ability to develop collaborative skills, not tradital business skills. Innovative policies
should help corporations bring in social networkpmgctices. Changes in the tax code
could encourage investment in collaboration skilktworks of collaborative enterprises,
and a new collaborative infrastructure. The fedgoalernment and states should also
promote policies to promote faster developmeni@ia computing, scalable data
storage, and open networks. They should also dpwefmvative training programs that
educate businesses and employees about how toliegocative technologies and
integrate them into traditional disciplines.

Promoting the transformation will require policibsit generate the following results:

* Heighten the awareness of business, labor, edscatiod federal, state, and local
politicians and authorities concerning the impoctaof Virtual Worlds and the
collaborative enterprise to the economic compeitass of the nation.

* Address the need for a technical infrastructuré ¢aa support Virtual Worlds
and the collaborative enterprise and enhance tmmtdogy base of the U.S.

* Encourage corporations, business networks, anagindassociations to adopt the
use of Virtual Worlds and intensive compute resesrc

* Provide economic development agencies with oppiiggrto work together to
help firms and networks of firms adopt and deplagtyal Worlds and intensive
compute resources and that also help firms to entheir deployment and use in
communities left behind.

» Assist business and government with identifyingrtteasures that help firms and
government agencies evaluate how well they aregdaiadopting Virtual
Worlds and intensive compute resources.

* ldentify the education and training that employaed businesses will need if
they are to successfully work as collaborative gmiges with Virtual Worlds and
intensive compute resources.

* Promote the international collaboration of U.S.ibesses with foreign firms
through the use of Virtual Worlds and compute-istea resources.
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The first important policy recommendation is to kexp the likely impact of such
changes in the Internet, the way citizens and legsies access compute power and
storage resources, and the resulting strain on econuations networks. The recently
created National Center for Research in Advancémtriimation and Digital Technologies
begins this research procé$$Businesses and the public need more informationtab
how Virtual World-based ecosystems will reshapeltte. economy and the type of job
skills that will be required of workers. While thational Academy of Sciences has
examined collaboration from a scientific vantagenpat has not taken a broader look at
how collaboration enterprises and Virtual Worldg/mitransform the U.S. workforce as
a whole.

The second set of policies is those that addresedRld for a technical infrastructure that
can support Virtual Worlds and the collaborativéegprise and enhance the technology
base of the U.S. The federal government, privatepamies, and industry associations
need to work together to develop policies that em#uat future Virtual Worlds develop
with open platforms and open standards. Having rti@e one open platform and
extensive open standards that can be used to greapfiications rather than having
platform specifications controlled by cloud-compagtior other Web 2.0 firms would
stimulate the creation of a wide range of new ajagions.

The federal government and states should also geopwdicies to encourage faster
development of cloud computing, scalable data gigrand open networks. Federal
agencies, such as NASA, the Department of Defemskthe Department of Health and
Human Services (HHS), could sponsor demonstratiojegts that employ Virtual
Worlds to improve collaboration between supplierd and manufactures in a variety of
policy areas, including space, health, and defdPadicularly with HHS, these efforts
could also involve the end users of these serviths-€itizens of the U.S.—who can
give immediate feedback on ways to improve the ldgwveent and delivery of services
through Virtual Worlds.

Government agencies involved in the future devekaprof the Internet, such as the U.S.
Department of Commerce (DOC) and Defense Advanesg&ch Projects Agency
(DARPA), could sponsor university—industry effottscreate pilot projects that use
Virtual Worlds/Web 3D in training, education, aneguct design.

Policies funded by DARPA or DOC’s Manufacturing &xsion Partnership could
support government—industry associations with #pdogation and evaluation of how
Virtual Worlds improve product development and s between suppliers, end
manufacturers, or service providers. These colkimrs could also be linked to state
programs to improve the use of new technology.

Furthermore, several specific steps should be takenhance the technology base of
U.S. corporations. This could include support eoft” technologies that would help

firms improve the technologies used for Virtual \dsr providing the means to make
Virtual Worlds based upon open standards and agatays to make them more secure,
more interoperable, and more able to support thation of content that can be used on a
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number of different Virtual World platforms. Thiswld also include support for similar
open standards and interoperability of cloud commgyuibn-demand computing, and grid
computing, as well as on-demand storage.

However, by virtue of their technical complexitigese technologies could pose
significant barriers to linking computing and sigeao Virtual Worlds. These
considerable barriers must be addressed, and tgettiasds and the open standards
environment form the critical foundation for oventing these disparate and diverse
barriers.

Tax policies could also speed these transformatibas benefits might be offered to
firms that adopt Virtual World environments, incing tax credits for businesses that
invest in collaboration technologies and explore lleey can improve the processes to
create new products and services. Tax policiedoentourage the creation of open
standards in Virtual Worlds, Web 2.0, cloud compgtiand on-demand storage to create
interoperable Virtual World business platforms.

National-level commissions or bodies, such as tlesiBent’s Council of Advisors on
Science and Technology (PCAST), could establistpdtameters for the development of
open platforms in concert with the National ScieRoendation, the Software Industry
Association, and major Virtual World companies,tsas Second Life, Google,
Microsoft, Oracle, VMware, and others.

Also, as part of this effort, there is a compellimegd for major efforts to make it possible
for businesses to use Virtual Worlds outside cafmfirewalls. This has been a major
factor slowing business adoption of Virtual Worl&sen the use of “gray areas” has not
proven to be a successful approach to creatingséslands outside of corporate
firewalls.

In helping firms to insure their deployment, thexe@n opportunity to also focus on use in
communities left behind. Here there is a role fmyremic development agencies. These
agencies could identify opportunities to work tdgetto help firms and networks of

firms adopt and deploy Virtual Worlds and intensteenpute resources—with special
assistance and incentives for deployment in afegtshiave been left out of the economic
mainstream.

Policies are needed to help business and governoeitfy the measures that help firms
and government agencies identify how well theydaiag in adopting Virtual Worlds

and intensive compute resources. For firms, theMal Baldrige National Quality
Award might add criteria for such measures, wholegovernment agencies, the
Department of Commerce has the data-gathering @algitec resources to begin to
assemble measures and coordinate efforts in othveargment agencies.

The federal government should promote policiesfib@is on the four main indicators
that are likely to enhance this nation’s competitstatus in the Virtual World economies
of the future. The first group of policies shouttfis on ways that firms can transform
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themselves into collaboration enterprises. Thers@&gooup of policies should focus on
how rapidly collaboration enterprises can adopt nemputer-based technologies. The
third group of policies should address how wellipgad employees are to work in a
collaboration enterprise world. The fourth grougpoficies should focus on
strengthening the technology base of the U.S. engramd creating a suitable
environment for the operation of Virtual World tectogy.

Improving the skills workers need to have to warlaidigital environment is another
area of needed policies. This could include inited to improve the digital and social
networking skills of employees so that they cankweith collaborative environments
such as Virtual Worlds. This might be part of newgrams sponsored by federal
agencies, such as the Department of Labor, anel tséaming agencies. In addition, there
could be new programs in primary and secondarydstas well as universities to help
students learn more computer and software skiliduding working with Virtual

Worlds.

Primary and secondary schools as well as univessitould beef up their courses in
computers and software, adding in Virtual Worldsggams where possible. The U.S.
National Science Foundation could establish sumesher-training programs and
encourage actively employed or retired computeedsgo work with schools and
universities to expand Virtual World skills.

New policies to create innovative training enviramts that emphasize collaboration
skills within and between corporations and thepmiers or within specialized service
firms should be established. This new type of trgjrmight be most effectively
developed as a collaborative effort involving inllysssociations and the government,
with the participation of Virtual World software neors.

Education and training initiatives could focus omf with extensive supplier-end
manufacturer ties, and could be funded by the Mati€enter for Research in Advanced
Information and Digital Technologies. The DepartingrDefense might also require its
suppliers and manufacturers to shift educationteading toward new technologies,
including the design of new aircraft and militampgucts, in Virtual Worlds. Officials
could evaluate new designs and “proof of perforneaiould be reviewed by going back
through records of designs created in Virtual Weig the suppliers and end
manufacturers.

Finally, policy initiatives should identify waysdahU.S. international policies can
promote collaborative environments and work witheotnations to build skills for
collaboration in their firms and workforces. Sudigies could include the development
of international systems of collaboration and eathlé rights for new intellectual

property.
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Conclusion

New information technologies, such as Virtual Werldoud/on-demand/grid

computing, on-demand storage, and next-generagbmanks are creating immersive and
collaborative environments, transforming the gldiainess environment, and
revolutionizing the traditional determinants of quetitiveness

Advancements toward greater use of Virtual Worttht®logies should be tracked by
assessing how extensively firms transform themsaht® collaboration enterprises and
adopt structures and strategies that incorporategra, suppliers, and consumers into
product and service development operations.

The speed at which collaboration enterprises adewtcompute-based technologies will
determine how quickly and thoroughly they alter deeelopment and delivery of
products and services.

Employees must be able to acquire new interpersoratechnological skills to work
effectively in collaboration enterprises that foauspartnerships, rapid innovation, and
quick reactions to changes in markets and constastss.

And the U.S. technology infrastructure needs t@supVirtual Worlds, on-demand
computing, on-demand data storage, and next-geémeratworks to sustain corporate
growth and respond to the sophistication of congame

U.S. tax, employment, and education policies wald to shift focus toward developing
skills in collaboration and social networking indmesses and the workforce. New
national initiatives are needed to build collabmmaicapabilities and to support more
widespread use of Virtual Worlds. Success meanh besivell on our way to developing
the high-tech, high-wage economy that will sustainmerica’s competitiveness in the
global economy for decades to come.
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